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NOTE  TO  PHASE  1  REPORT 


All  1985  data  was  not  available  at  the  time  of  completion  of  the 
Phase  1  report.  Therefore,  1985  performance  was  reported  based  on  available 
data.  These  performance  data  were  updated  in  the  final  report  when  all  data 
was  available.  Thus,  there  are  inconsistencies  between  the  data  reported  in 
the  Phase  1  report  and  in  the  final  project  report. 
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1.0       INTRODUCTION  AND  BACKGROUND 

After  completion  in  1969  of  a  six  year  study  of  pollution  in  the 
Lower  Great  Lakes  Drainage  Basin,  the  International  Joint  Commission  (IJC) 
recommended  that  all  phosphorus  discharges  be  reduced  to  their  "lowest  prac- 
tical level".  Subsequently,  a  number  of  organizations  responded  to  this  rec- 
ommendation. The  Canada  Water  Act  (1970)  of  the  Government  of  Canada,  called 
for  a  staged  reduction  in  phosphorus  levels  in  detergents  to  a  final  limit  of 
5  percent  (by  weight  as  P2O5)  by  31  December  1972.  The  Canada-Ontario  Agree- 
ment on  Great  Lakes  Water  Quality,  signed  in  August  1971,  stipulated  that 
phosphorus  removal  be  implemented  at  selected  municipal  wastewater  treatment 
facilities  in  the  Lake  Erie  watershed  by  31  December  1973  and  in  the  Lake 
Ontario  watershed  by  31  December  1975.  The  Province  of  Ontario  stated  their 
intention  to  install  phosphorus  removal  facilities  at  municipal  and  institu- 
tional wastewater  treatment  plants  in  the  Lower  Great  Lakes  basin,  as  well  as 
the  Ottawa  River  basin,  parts  of  the  Upper  Great  Lakes  basin  and  throughout 
the  inland  recreational  areas. 

As  an  initial  policy,  the  Province  of  Ontario  required  a  minimum  of 
80%  phosphorus  removal  from  wastewater  treatment  plant  influent,  subject  to 
further  study.  In  April  1972,  a  Great  Lakes  Water  Quality  Agreement  between 
Canada  and  United  States,  superceded  the  Ontario  policy  and  limited  effluent 
phosphorus  concentrations  to  a  daily  average  of  1  mg/L,  assessed  on  an  annual 
average  basis,  for  wastewater  treatment  plants  discharging  in  excess  of  one 
million  gallons  per  day  (4546  m^/d)  to  Lake  Erie,  Lake  Ontario  and  the  Inter- 
national section  of  the  St.  Lawrence  River. 

In  1978,  a  supplementary  Great  Lakes  Water  Quality  Agreement  set 
Target  Phosphorus  Loads  for  all  of  the  Great  Lakes  basins.  These  loads,  a 
result  of  point  and  non-point  sources,  were  11,000  tonnes/year  to  Lake  Erie, 
7,000  tonnes  per  year  to  Lake  Ontario,  and  a  total  of  8650  tonnes  per  year  to 
the  Upper  Great  Lakes.  In  a  1983  supplement  to  the  1978  agreement,  further 
loading  reduction  requirements  were  stipulated  for  the  Lower  Great  Lakes 
drainage  basins,  above  and  beyond  those  achieved  by  meeting  a  1  mg/L  monthly 
average  effluent  phosphorus  requirement  for  plants  with  capacity  greater  than 
4546  m^/d  (1  MGD).  More  specifically,  a  2000  tonne/year  load  reduction  was 
required  for  the  Lake  Erie  drainage  basin,  of  which  300  tonnes/year  was  allo- 
cated to  Canada.  A  430  tonne/year  (revised  from  1210  tonnes/year  specified 
in  the  Agreement)  load  reduction  was  required  for  the  Lake  Ontario  drainage 
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basin,  although  no  allocation  was  stated.  It  was  also  stated  that  the  re- 
quired load  reductions  to  the  Upper  Great  Lakes  to  meet  Target  Loads  would  be 
achieved  when  all  plants  with  a  greater  than  4546  m^/day  (1  MGD)  flow  capa- 
city complied  on  a  monthly  average  basis  to  effluent  phosphorus  concentra- 
tions of  less  than  or  equal  to  1  mg/L. 

In  response  to  the  most  recent  amendment  to  the  Canada-U.S.  Agree- 
ment (October  1983),  the  Ontario  Ministry  of  the  Environment  (MOE)  has  pro- 
posed to  reduce  total  phosphorus  loadings  from  major  municipal  facilities  [>! 
MGD  (4546  m^/d)]  by  50  tonnes  per  year  into  the  Lake  Ontario  drainage  basin 
and  by  30  tonnes/yr  into  the  Lake  Erie  basin. 

In  order  to  meet  the  proposed  reduction,  a  number  of  management 

strategies  could  be  considered.  These  include: 

i)  improvements  at  plants  which  are  not  presently  complying  with  the 
1.0  mg/L  annual  objective,  to  ensure  consistent  compliance; 

ii)  modification  to  the  existing  method  of  assessing  compliance,  from 
an  "annual  average"  to  "monthly  average"  total  phosphorus  limit; 
and 

iii)  selective  improvements  at  some  plants  to  achieve  (or  maintain,  if 
already  achieving)  higher  levels  of  phosphorus  removal  than  pre- 
sently required  by  the  MOE. 

CANVIRO  has  undertaken  this  study  to  identify  the  most  cost-effec- 
tive phosphorus  management  strategy  that  will  meet  the  goals  of  the  MOE.  The 
investigation  involves  three  phases.  These  include  an  in-depth  review  of 
historical  plant  performance  data  (Phase  1),  field  evaluations  at  selected 
plants  to  establish  the  critical  factors  affecting  phosphorus  removal  perfor- 
mance (Phase  2),  and  demonstration  of  the  cost-effectiveness  of  the  strate- 
gies proposed  to  achieve  phosphorus  removal  goals  (Phase  3). 

This  progress  report  presents  the  results  of  Phase  1  of  the  study. 
Section  2  presents  the  specific  objectives  of  the  Phase  1  study.  Section  3 
presents  a  summary  of  the  methodologies  used.  Section  4  summarizes  the  re- 
sults of  the  historical  data  review  in  terms  of  plant  performance  and  compli- 
ance on  an  annual  and  monthly  basis  and  with  respect  to  phosphorus  removal 
methods.  Section  5  presents  the  basin  flows,  phosphorus  loadings  and  aggre- 
gate average  phosphorus  concentrations  for  1981  to  1985  and  projects  these  to 
1990.  Section  6  presents  a  discussion  of  the  alternative  phosphorus  manage- 
ment strategies,  their  effects  on  basin  loadings  and  the  estimated  costs 
associated  with  the  implementation  of  each  strategy.  Section  7  presents 
those  plants  selected  for  the  Phase  2  field  study. 
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2.0      OBJECTIVES  OF  PHASE  1  PROGRAM 

The  principal  objectives  of  the  Phase  1  study  were  to: 

Review  individual  plant  performance  histories  (1981-1985)  for 
each  plant  with  design  flow  greater  than  4545  m^/day  (1  MIGD)  in 
the  Great  Lakes  drainage  basin  and  determine  the  status  of  these 
plants  in  relationship  to  meeting  MCE  effluent  requirements  for 
BOD5,  TSS  and  IP  on  an  annual  and  monthly  basis. 

Review  individual  plant  phosphorus  removal  techniques  (i.e.  chem- 
ical and  dosage  used,  point  of  addition,  etc.)  and  identify  pos- 
sible reasons  for  the  phosphorus  removal  performance  reported. 

Develop  management  strategies  that  would  improve  plant  perform- 
ance and  reduce  basin  phosphorus  loadings,  and  project  the  effect 
of  each  of  these  strategies  on  basin  phosphorus  loadings  to  1990. 

Review  the  advantages  and  disadvantages  of  each  of  the  above 
strategies  with  respect  to  implementation  costs  and  impacts  on  re- 
ceiving basin  loadings. 

Recommend  plants  for  Phase  2  field  analysis. 
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3.0  JCTHODOLOGY 

3.1  Historical  Data  Review 

Plant  operating  data  for  1981-1985  were  obtained  from  two  sources. 
The  MOE  database,  containing  information  for  MOE  operated  plants  for  all  five 
years  and  municipally  operated  plants  for  1984-1985,  was  transferred  to 
CANVIRO's  IBM-PC  system.  This  was  supplemented  by  manual  entry  of  1981-1983 
data  for  municipally  operated  plants,  from  "1981-1983  Wastewater  Treatment 
Summaries  for  Municipally  Operated  Plaits  in  Ontario". 

The  MOE  database  provided  average  monthly  values  for  each  operating 
parameter  considered,  as  well  as  the  number  of  samples  on  which  the  monthly 
average  was  based.  The  Wastewater  Treatment  Summaries  supplied  only  annual 
averages  for  each  operating  parameter. 

Individual  plant  performance  histories  were  prepared  from  the 
available  data,  consisting  of  a  5  year  (1981-1985)  annual  review  and  a  2  year 
{1984  and  1985)   monthly  review. 

3.1.1  Annual   Data  Review 

The  annual  data  review  summarized  annual  average  and  long-term 
average  daily  flows,  and  influent  and  effluent  BOD5,  TSS  and  TP  concentra- 
tions. Statistical  analyses  were  done  to  determine  if  annual  effluent  BOD5, 
TSS  and  TP  concentrations  for  any  year  were  significantly  different  from  the 
long-term  averages  (if  sufficient  data  were  available).  Finally,  an  indica- 
tion of  whether  the  plant  met  an  annual  average  effluent  phosphorus  concen- 
tration of  1  mg/L  was  shown  for  each  year.  Figure  1  presents  the  format  of 
the  annual    review. 

Table  1  summarizes  the  equations  used  to  calculate  the  values  in 
the  annual    review. 

Compliance  of  annual  effluent  TP  concentrations  to  a  1  mg/L  limit 
was  indicated  by  a  Y  (yes)  or  N  (no)  for  each  year  and  for  the  long-term 
average  TP  concentrations.  It  should  be  noted  that  these  indicators  do  not 
consider  site- specific  TP  effluent  requirements. 
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ANNUAL  DATA  REVIEW 


LOCATION 


BASIN 


PLANT  NAME 

Plant  Configuration 

Phosphorus  Removal 

Plant  Design  Capacity  (1000  m^/day) 


PARAMETER 

1981 

1982 

1983 

1984 

1985 

5  YEAR 

AVG. 
81-85 

Avg.  Daily  Flow  (1000  m^/day) 

BOD5  -  Influent  (mg/L) 

BOD5  -  Effluent  (mg/L) 

Annual  BOD5  Significantly 
Different  from  Mean 
Annual  Average  BOD5? 

(Y/N) 

TSS  -  Influent  (mg/L) 

TSS  -  Effluent  (mg/L) 

Annual  TSS  Significantly 
Different  from  Mean 
Annual  Average  TSS? 

(Y/N) 

Total  P  -  Influent  (mg/L) 

Total  P  -  Effluent  (mg/L) 

Annual  TP  Significantly 
Different  from  Mean 
Annual  Average  TP? 

TP  in  Compl iance? 

(Y/N) 

(Y/N) 

I.D.  -  Insufficient  Data 


FIGURE  I  -  ANNUAL  DATA  REVIEW  FORMAT 


-6- 


TABLE  1.   EQUATIONS  FOR  CALCULATION  OF  AVERAGES  (ANNUAL  AND  LONG-TERM! 

AND  STATISTICAL  ANALYSES 


CALCULATION: 

EOUATION(S): 

1.  Annual  Average  {J-\) 

1       n 
Xi  =  —     ^  Xij 

Hi       j 

2.  Long  Term  Average  iJp^) 

1     5       ni 
Xa  =  -    Z       I     (Xij/ni) 
5  1=1  j=l 

• 

-  if  monthly  data  is  unavailable 

then: 

"i 
Z     (Xij/ni)  =  Ti 

3.   Statistical  Analysis 

ti  = 

Xi   -     Xa 

(t-distribution,  95%  level    of 
significance) 

•'1 

Spi 

1     .     1 

Hq   :   Xi   =  Xa 

Hi               N 

Hi    :   Xi   jt  Xa 
Reject  Ho  if  ti   >  to.025 

Spi  = 

(ni-l)Si2  +   (N-DSa^' 

(Hi  +  N  -  2) 

(Degrees  of  Freedom)!   =  ni  +  N  - 

2 

Where: 

1   =  year 

j   =  month 

Yi  =  annual   average  for  year  i 

Yij  =  monthly  average  for  month  j,  year  i 

X5  =  long  term  average 

ni  =  number  of  months  of  available  data  in  year  i 

5 

N  =  number  of  months  of  data  for  the  5  year  period  i.e.     i     n-j 

1=1 

S-j2  =  variance  of  n-j  months  of  data  for  year  i 

Sa^  =  variance  of  N  months  of  data 
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3.1.2    Monthly  Data  Review 

Individual  monthly  data  reviews  were  prepared  to  present  monthly 
average  effluent  BOD5,  TSS  and  TP  concentrations  and  the  number  of  samples 
upon  which  these  were  based,  for  1984  and  1985.  These  values  were  obtained 
directly  from  the  f-lOE  database.  Figure  2  shows  the  monthly  review  format. 
Again,  compliance  indicated  by  a  Y  or  N  was  based  only  on  a  1  mg/L  effluent 
requirement  and  did  not  take  into  account  site-specific  requirements. 

3.2      Plant  Contact  and  Plant  Review 

In  order  to  understand  and  explain  phosphorus  removal  performance 
at  each  plant,  it  was  necessary  to  obtain  information  on  phosphorus  removal 
methods  being  used  and  plant  design  data.  This  information  was  acquired 
through  direct  plant  contact,  from  material  supplied  by  MOE,  and  from  pre- 
vious CANVIRO  studies. 

Project  engineers  from  CANVIRO  contacted  representatives  familiar 
with  the  design  and  operation  of  each  of  the  plants.  In  most  cases,  plant 
contact  was  made  by  telephone.  A  questionnaire  form  (Figure  3)  was  utilized 
by  the  project  engineer  to  expedite  the  acquisition  of  information  on  plant 
operation  and  design.  Key  items  in  the  questionnaire  included: 

i)  chemical  used  for  phosphorus  removal,  usage  rate,  point  of  addition 
and  dosage  control  method; 

ii)  availability  of  data  on  orthophosphorus  and/or  filtered  phosphorus 
in  plant  effluents; 

iii)  sampling  frequency  and  analytical  methodology; 

iv)  major  industrial  contributors;  and 

v)  average  and  peak  daily  flows,  fraction  of  combined  and  separate 
sewers  serving  the  plant,  and  frequency  of  plant  bypasses. 

Design  information  on  MOE  operated  plants  was  extracted  from  the 
"1981  Summary  of  Municipal  Water  and  Wastewater  Treatment  Works".  Also,  de- 
sign summaries  were  available  for  some  plants  from  previous  CANVIRO  pro- 
jects. For  those  plants  where  limited  design  information  was  available,  pro- 
cess flowsheets  and  key  design  criteria  were  requested  from  plant  personnel. 
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MONTHLY  DATA 
PLANT  NAME 


LOCATION 


YEAR 

MONTH 

EFFLUENT 

BOD5 

(mg/L) 

n 
BOD 

EFFLUENT 
TSS 
(mg/L) 

n 
TSS 

EFFLUENT 

TP 

(mg/L) 

n 

TP 

IS  TP  IN 
COMPLIANCE? 

(y/n) 

1984 

JAN. 

FEB. 

MAR. 

APR. 

MAY 

JUN. 

JUL. 

AUG. 

SEP. 

OCT. 

NOV. 

DEC. 

t 

1985 

JAN. 

FEB. 

MAR. 

APR. 

MAY 

JUN. 

JUL. 

AUG. 

SEP. 

OCT. 

NOV. 

DEC. 

n  -  Number  of  samples 


FIGURE  2  -  MONTHLY  DATA  REVIEW  FORMAT 
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Indi vidua!  plant  reports  were  compiled,  containing: 

1.  Annual  Data  Review 

.  2.  Monthly  Data  Review 

3.  Design  Summary 

4.  Completed  Questionnaire 

Review  of  the  data  in  this  report  allowed  the  project  engineer,  who 
had  contacted  the  plant,  to  conduct  preliminary  analyses  on  phosphorus  re- 
moval performance.  Factors  causing  po^r  or  extremely  good  removal  efficiency 
were  suggested  using  the  ranking  system  presented  in  Figure  4.  These  factors 
are  described  in  more  detail  in  Table  2. 

3.3      Basin  Flows,  Loadings  and  Aggregate  Average  Phosphorus 
Concentrations 

Individual  plant  phosphorus  loadings  (tonnes  P/year)  to  the  receiv- 
ing basins  were  calculated  for  1981  to  1985  based  on  total  plant  flows  and 
average  effluent  phosphorus  concentrations.  Grouping  of  individual  plants 
according  to  their  receiving  basin  (Lake  Erie,  Lake  Huron,  Lake  Ontario  and 
St.  Lawrence  River,  and  Lake  Superior),  shown  in  Table  3,  enabled  calculation 
of  total  phosphorus  loadings  to  the  basin.  An  IBM-PC  BASIC  program  utilized 
the  equations  of  Table  4  to  generate  these  values. 

Using  the  total  basin  flows,  defined  by  the  sum  of  the  individual 
plants  total  flow  for  a  given  basin,  aggregate  average  phosphorus  concentra- 
tions (mg  TP/L)  were  calculated.  This  was  the  total  basin  loading  divided  by 
the  total  basin  flow  and  represented  the  average  phosphorus  concentration  in 
the  flows  entering  the  receiving  basin. 

Using  linear  regression  techniques,  basin  flows  were  predicted  for 
each  basin  for  1986-1990.  The  predicted  flows  were  compared  to  the  total 
design  capacity  of  the  basin  in  order  to  determine  when  design  flow  capacity 
in  each  basin  WPCPs  would  be  exceeded.  By  using  the  basin  flows,  and  assum- 
ing no  change  in  treatment  efficiency  from  1985  performance  (i.e.  constant 
effluent  phosphorus  concentrations),  the  basin  phosphorus  loadings  were  also 
projected  to  1990. 
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1.   F0«  PLANTS  NOT  ACHIEVING  TP  <l  mg/L.  RANK  FACTORS,  IN  ORDER  Of 
TANCE,  WHICHTQnTRIBUTE  TO  POOR  P  REMOVAL  PERFORMANCE: 


IMPOR- 


CAUSE 


RANK  (1  =   MOST  IMPORTANT ) 


1)  High  Clarifier  Surface  Loading 

11)  Low  P  Renwval  Chemical  Dosage 

ill)  High  Influent  P  Concentration 

1v)  Industrial  Waste  Factors 

v)  Poor  Sludge  Settleability 

v1)  Poor  Dosage  Control 

vil)  Sludge  Management  Problems 

vlll)  Sampling  Problem 

1x)  Analytical  Problea 

x)  Bypassing 

xi )  Infiltration/Inflow  or 
Combined  Sewers 

xil)  Others  (please  specify) 


2.  FOR  PLANTS  CONSISTENTLY  ACHIEVING  TP  <<1  mg/L,  IIANK  FACTORS,  IN  ORDER 
IMPORTANCE.  WHICH  CONTRIBUTE  TO  SUPERIOR  P  REMOVAL  PERFORMANCE: 


OF 


1 
i1 

ill 
iv 

V 

v1 
vii 

viii 

1x 

X 

xi 


CAUSE 


RANK  (1  '  MOST  IMPORTANT ) 


Low  Clarifier  Surface  Loading 

High  P  Removal  Chemical  Dosage 

Low  Influent  P  Concentration 

Industrial  Waste  Factors 

Good  Sludge  Settleability 

Good  Dosage  Control 

Final  Effluent  Polishing  by 
Filtration 

Final  Effluent  Polishing  by 
Tertiary  Ponds 

Polymer  Addition 

Superior  Plant  Operation 

Others  (please  specify) 


FIGURE  4  -  RANKING  SYSTEM  FOR  SUGGESTING  GOOD  OR  POOR 
PLANT  PHOSPHORUS  REMOVAL  PERFORMANCE 


-12- 


OO  "^ 


-J 

,    . 

c 

^.^ 

c  u 

c 

•^* 

a»  «/> 

•^  -^ 

<o 

E  a> 

.M 

£ 

o» 

c 

0  <o 

4^ 

c 

0  ■- 

^   E 

0. 

O. 

i/i 

^— 

X 

— i 

>-<  -o 

0 

■a 

0 

0 

l/» 

•0 

V     ^ 

(U  ♦J 

«  0» 

.  OJ 

•^ 

L. 

»—        a> 

c 

en 

0 

en  3 

</>  r- 

</l  .— 

f— 

4^ 

>«-        c 

0 

E 

"O 

<0    <TJ 

T3  03 

T3  ^ 

0 

c 

0»  "" 

i/> 

•f-    fO 

•^    10 

I/I 

0 

c       -o 

4J 

ro 

</) 

•    1. 

0    !• 

f—    I. 

—    U 

0 

o>        «J 

>o 

^ 

•1-    OJ 

T3    0 

0   -M 

0   ••-> 

T3 

•—        0 

^ 

♦J 

(O    (/> 

(/>  .— 

</>  .— 

OJ 

■0  «/1 

i/>       .— 

4-< 

3 

♦->  3 

Vk. 

^*  r* 

•»— 

•^ 

> 

C     I. 

01 

c 

0 

1^ 

^—  '^ 

"O   <o 

■0  <*- 

•0  <♦- 

0 

IQ     OJ 

•0          0) 

0> 

J3 

to   i~ 

0    3 

OJ      1 

OJ     1 

I. 

4-> 

0 

u 

«J 

£ 

>  «j 

•»-    C 

T3    C 

•0  c 

CL 

0>  OJ 

c        -« 

c 

<«-  a. 

0   r— 

E     TJ 

c  0 

c  0 

E 

c  E 

10       >*- 

0 

C 

0    lA 

E   0 

OJ   E 

OJ    c 

OJ  c 

•^ 

—    IC 

z 

f        u 

u 

It 

0 

OJ 

£  — - 

Q. 

0. 

•a  t- 

o 

♦J        3 

x: 

C  £ 

t.   .— 

u 

«/>  »*- 

(/>  «♦- 

L. 

C    <9 

(/I 

u 

4-> 

0   Q. 

•o 

c 

3    0 

3    0 

0  r- 

<o  Q. 

t— 

10 

0) 

(/I   (J 

»♦-  0 

t/l 

>/) 

•<-  <a 

4-» 

o. 

»/>        c 

4->     0 

i/t 

4J   1^ 

•0  •.- 

0  •.- 

r^ 

^— 

> 

«/»  f— 

0)         en 

l«  — 

1/1 

3    0 

H-     Q. 

*J 

"4-     « 

>4-     <« 

w  0 

i.   <o 

oe 

0)  *-> 

o> 

^ 

>—     >> 

*->  <« 

0      > 

0     > 

OJ   E 

o>  c 

o 

m 

t.  Ifl 

—    C 

0    ♦? 

C    V 

Q 

0 

E  0» 

■0  0 

t/1 

x:        <u 

en  w 

I.    0 

trt 

OJ  *J 

r"*     £ 

^^   £ 

>»  «- 

c  •.- 

LU 

0        -o 

c 

■*-»  ••- 

-M 

E  c 

5  2: 

It 

3  4^ 

o 

f   u 

0 

C   ♦J 

■0     10 

*J    0) 

2  '^ 

>o 

E         ^ 

0  •»- 

0    fO 

OJ 

u»  0 

0 

0 

a.  3 

I.     L. 

<U 

3  1. 

*J 

<J  ■»-> 

T3  — 

3  c 

B   c 

E   C 

t. 

0    OJ 

l/t            -r- 

E    4-> 

19 

•^ 

C   *■> 

••->  0 

it- 

OJ  -^ 

<*-  0 

*J  a. 

X             <4- 

0< 

i~ 

r-     Q. 

OJ    C 

•0  0 

L. 

0  jC 

19  0 

0             •— 

4-»   S 

*-> 

.0  — 

0.  OJ 

<« 

Ol 

W 

Q. 

i- 

<—     >>    1- 

TJ     0 

c 

•r-     0 

t/»    3 

a. 

T3     C 

■0  c 

C    I/I 

OJ    4-> 

>«-    ^J     .0 

OJ 

S-     OJ 

3  — 

%^ 

a*  ^ 

<U  t- 

0    0 

a.  c 

•^   r^ 

CJ>£ 

u 

-«->  u 

1/1  <*- 

>  ♦> 

>  -tJ 

•^   JZ 

0  <o 

•»J  w  0 

C     U 

c 

vn    O. 

<*- 

<—  c 

0  r- 

0  •- 

*J    CL 

^— 

c  <o 

0 

3 

•0    OJ 

3  o> 

l~    3 

L.    3 

•^ 

T3    CL 

ITJ     Q.   J 

«/)     0 

0 

■O    0) 

0 

oi  3 

0.  1/1 

a.  (/) 

T3  -O 

0 

(—     rtj     0 

0    ••-> 

C   £ 

0  c 

OJ  .— 

E   OJ 

E  OJ 

•0   C 

0   "4- 

0.    U  _) 

Q    1/1 
1 

a. 

■— ■  *j 

t3  ^ 

1 

q:  <«- 

1 

•-t   i_ 
1 

1 

1 

0     0 

1 

UJ 

o> 

o> 

C 

o 

^B 

c 

c 

0 

z 

<fl 

•»— 

•^ 

•»— 

< 

a> 

u 

f 

f 

4J 

o  :s 

u 

I/I 

VI 

10 

t—  OS 

"O 

"e 

^ 

•*• 

•»— 

w 

o 

<f- 

0> 

0 

r» 

^» 

OJ 

CJ  u. 

L. 

£ 

I. 

0 

0  «/» 

a. 

z  a: 

3 

0 

OJ 

4-> 

a. 

Q.   -O 

c 

0 

"^   UJ 

00 

4-> 

C 

c 

0 

1—  a. 

^> 

Q. 

I/) 

0 

4-> 

•M    0 

•V— 

*j 

=> 

I. 

fO 

C 

<o 

>, 

0 

c  c 

c  a. 

*-> 

c 

CQ    _l 

01 

> 

4->    0 

3 

•»-> 

OJ   0 

0) 

•^ 

"O 

-^   < 

•r* 

0 

C    -r- 

OJ  •.- 

0) 

3  •.- 

3  >, 

■o 

^-» 

OS   >■ 

>4- 

E 

(U    4-> 

f— 

w— 

a> 

,—  *j 

—  i- 

•es 

CL 

1—  o 

•  ^ 

OJ 

3    .T5 

OJ 

■es  •.- 

UJ 

<♦-  -o 

<*-  <o 

«t 

z  2: 

1- 

ae. 

.—     i. 

3  jQ 

Ul 

<«-   i. 

<^  -^ 

L. 

0  UJ 

(O  a> 

<*-     4-) 

4.     l/l 

.—  <o 

0 

UJ    '•-> 

UJ   ■<-> 

w 

0 

0  q: 

^  c 

a.   o> 

c   c 

•»->    1- 

<•)    OJ 

Q 

^ 

I. 

OJ 

0  •.- 

a> 

«  (U 

l/>    0 

r~ 

^*   *p* 

—    01 

E 

L. 

(/I  a. 

■0 

^    (O 

0 

3   ■•-> 

■0  ••-> 

■0 

IQ    U. 

<o  t- 

>, 

OJ 

QC 

X    « 

O)  l/> 

X    C 

-0    (J 

0   -M 

0 

c 

c 

a. 

0  Qe 

0  0 

•>-  0 

0  0 

c  <o 

0    OJ 

0 

••-  >» 

•^  >» 

"o 

3 

1—  0 

_1  —1 

X  Q 

_l  0 

— •  U. 

0  vy 

<J 

li.  ^ 

Li.  0 

a. 

1/1 

tj  -^ 

<  QC 

^^ 

^«*» 

^-^ 

^^ 

^-* 

^-* 

^->» 

-■i^ 

*»-• 

dM^ 

U.  UJ 

•r» 

•p* 

•^ 

> 

> 

•P^ 

•t-» 

•#• 

K 

X 

a. 

•^ 

•r* 

•^ 

> 

■r* 

•^» 

-^» 

=) 

•^ 

> 

•r* 

00 

> 

S-    OJ 

TJ 

1    0  '«-> 

c 

I/I 

«n 

»n 

OJ 

(/>            3 

-0 

U) 

TJ 

•y* 

cn 

3       '£> 

«/>     -  c 

0 

</i 

<fl 

_l 

«/1    C   •— 

E 

(/) 

OJ    4)  -^ 

f 

>, 

w 

i/i 

»s^ 

0    «- 

0 

c 

0  01 

4-> 

t. 

0 

>» 

0 

a> 

l/>  ^    >J 

I. 

0 

0   <o   </» 

OJ 

<o 

OJ 

"v^ 

4>> 

■0 

E 

*J    4J    C 

<*- 

;.  i.   OJ 

E 

c 

4J 

•0 

•^- 

•-H 

C     ITJ     0 

.t-* 

Q.  0   i/l 

!« 

flS 

c 

0 

0    V 

00 

ifl    *->     <J 

L. 

<9 

4-»  </» 

en 

E 

X 

■0 

<o 

•r-     V 

C  -f- 

0) 

i. 

ej>  t/i  0 

c 

t—    u 

OJ 

Q. 

S-    Q. 

4-> 

—   a.  i- 

> 

4-> 

C             r— 

•f~ 

<9    0 

4-> 

u 

<9 

•»->     •• 

3 

E  •'-   0 

0 

c 

*^         •> 

r» 

>  <^ 

u^    OJ 

0) 

0 

0»  •— 

0 

ig    0 

OJ 

.—    ♦J     (/I 

a. 

0    U 

«  — 

> 

E     TJ 

^ 

••->    0)    >, 

>. 

u 

■0  c  -o 

E     • 

E   OJ 

X   a. 

0 

X 

0  *-> 

<o 

C    U   *-> 

t. 

c 

c  o»  •— 

10   u 

OJ  a. 

£ 

1 

0 

•,-    (U 

0    Q.-^ 

i. 

0 

-O   E  — 

i/>  ^-t 

t. 

to    <fl 

>t 

»— 

^  z 

c 

0         •— 

<o 

u 

x:   a.  0 

OJ 

0 

OJ  </> 

c 

>♦- 

0 

(O 

</)  -^ 

u 

■f-  (/) 

•es 

Q.   *-> 

4-> 

i. 

—  0 

J= 

t4-      3    ^ 

a. 

o>  3 

OJ      • 

•W    4J 

« 

z 

c 

0  ■- 

■tJ 

0    U     fl3 

</i 

a>  o"  0) 

to  — « 

S-    </l 

OJ   c 

u 

0 

en 

4->    4-> 

0    0) 

■0 

4-> 

■0  o»  > 

<o    >, 

0    «- 

L.    OJ 

•-^ 

•^ 

k/1     IQ 

;. 

C  jC  ^ 

•r- 

c 

3       t- 

<«-    0 

4->    3 

I/I 

»— 

i/> 

V. 

o> 

0    Q.*J 

r— 

OJ 

^  cn  </i 

2  "c 

4^ 

C  — 

•0 

a. 

01  -— 

c 

4-> 

-.-</»«-> 

0 

3 

</>  c  </> 

0 

2         IQ 

3  «*. 

»— • 

T3  — • 

«  1- 

UJ 

<-»    0    OJ 

</)     I/I 

^— 

■r-     4> 

* 

V>     ^ 

>*- 

^ 

ce. 

•*«^ 

^    <9 

01 

3  £    »« 

s. 

<*- 

>*-    L.    u 

o>  t/> 

4->     OJ     I/I 

.   a; 

0 

0 

■0  — • 

4->  ,— 

t. 

jQ    Q. 

0)    OJ 

c 

0  OJ  X 

c  s- 

•»-     Q.    OJ 

cn 

l/l 

VI 

<D  -_ 

0 

en 

.—          (U 

cn-.- 

*^*  ^~ 

*->    OJ 

••-    3 

^     0     </> 

c  ,— 

UJ 

OJ 

irt    E 

U   *->    f^ 

•es  >*- 

0 

>>  "O 

r-     0 

s                 >, 

•^  10 

* 

0 

0    »/» 

«/» 

c 

♦->    (J  -o 

3    r- 

OJ    S- 

'!->     X     >/> 

a.JZ 

14-    .— 

W»     C 

I/I 

K     X 

0»      • 

0 

C     OJ    3 

.—   s- 

F—      -•-> 

•^    <U    OJ 

E 

•4-     0     T> 

to  •— • 

X 

(U    0 

r-     <U 

•^ 

0  <*-  ^ 

</)    (O 

J3    C 

0  "O    in 

<o  ^ 

0        c 

<«  >4- 

0 

^— 

■M 

(J  <*-    l/l 

r^ 

(O    0 

<0           3 

t/>  f^ 

OJ    IQ 

Q. 

1/1  <«- 

^    -^ 

<o 

<o       -a 

•^     0 

—    U 

Q.     •  «0 

OJ 

(/»    u 

>>  c 

Vk. 

X 

0 

t. 

.—        1-  « 

0 

I. 

10    t/>    <j 

♦J    Q. 

C    C    >, 

^  •»- 

0  ^ 

3       • 

4J 

"O   0   0   0 

>> 

(«    0» 

0    ;- 

C 

0    OJ    t- 

^    Ol 

.—     lO 

e  -es 

C 

-,-■•->     0  r- 

OJ    I. 

>   en 

OJ^-*J 

OJ  *-> 

•—  •.-    0 

4->   -0 

<o  c 

<4-     <U 

OJ 

0) 

(-        a. 

(J      IQ 

>TJ 

•0  •U   0»   C 

3    "O 

4-»     1_    4J 

c   0> 

OJ  -,- 

a. 

CTl   S- 

0 

«->  -o        Q. 

C    T3 

>»   «/l 

OJ    >/>    0>  OJ 

CT 

<Q      (U      ^ 

OJ  "O 

a.  I/I 

't-' 

c  — 

c 

</)    OJ    OJ 

01     C 

—     0 

*->    OJ    "fl    3 

0»      • 

4J  a.  1- 

3    3 

I/I 

C   f 

•^    3 

0 

3    *J    (O  jC 

■0    0 

£  -o 

•—   cn.—  — 

<-    O) 

■—    X    0 

i:j-  — 

-C   to 

<0    C7> 

</>    CT 

0 

■0  u  3  a> 

•^     L> 

en 

E  —    3  «*- 

<^     • 

E   OJ  ^ 

OJ  u 

cn  Q. 

^—    'r- 

0    01 

C    0)    i«  •— 

>    OJ 

•r-  0 

•.-   -O    ro  •*- 

c  01 

•p-    c    10 

u    C 

x^ 

Q.  3: 

Q    1- 
1 

a. 
1 

"-     Q.   (J  ^ 

1 

UJ    t/t 

1 

_J  —  £    OJ 
1 

1 

_I    —    r— 
1         1 

li-  •'- 

UJ 

0 

X 
0   I/I 

0  z 

"o 

£ 

•—  < 

t. 

4-» 

OJ 

>—   u 

z 

OJ 

«-> 

C 

E 

1*.    OJ 

CJ  QC 

a» 

c 

a. 

4>> 

c 

OJ 

OJ 

^ 

C    X 

z  0 

t.  c 

CT> 

</> 

0 

E 

0 

1—1    4> 

•—  U. 

0)  — 

f—  ■^- 

♦->  c 

<9 

>» 

0 

OJ 

^ 

i. 

^■^  1/1 

»—  oc 

■'-  -o 

OJ     1/) 

c   0 

3 

4-> 

04 

0 

a. 

c 

ID  UJ 

••-  0 

>    0* 
0  Q 

3    4J 

OJ    -^ 

cnr- 

0) 

cn 

J^ 

0  -o 

03   0. 

,— 

Q. 

,_ 

»— • 

1 1 

E 

^   ■« 

ITJ 

•0  -.- 

<T} 

"fl 

10 

en 

t->    c 

ce  _i 

<o 

0>    r- 

<^  I. 

•^ 

3    ^ 

t/i 

z  l/> 

cn 

u 

c 

fC  '^ 

I—  <: 

r—      0) 

Qt     ^ 

C     4-> 

i.   (/) 

—  <o 

0 

E 

c 

w  0 

z  >• 

0  u 

u 

•-•  c 

4-1     U 

U1     OJ 

0 

0)    OJ 

4-> 

i/> 

4->    E 
f—     Q 

0  0 

"O 

Q.  -^ 

OJ 

>/)  0 

r— 

cn— 

^> 

>, 

</t 

0  z: 

£  <*- 

E 

^  (J 

3    *-> 

I.     4-> 

1- 

T3  ^ 

0. 

fO 

-'-    (_) 

UJ 

en  I. 

X    0> 

cn  c 

T3    U 

0    ♦-' 

0 

3  0 

E 

"O 

a. 

Vl_              1 

00   QC 

■—   3 

0  £ 

—  0 

C     ifl 

0    OJ 

0 

1—   u 

<o 

c 

>, 

c  c 

QC 

3:  to 

_1  0 

3:  0 

-"   U. 

Q.    00 

a. 

OO   Q. 

00 

< 

2Q 

•-i  0 

0   Q. 

►— 

^^ 

««« 

^-^ 

^^^ 

„—«. 

.,-Hk 

^^ 

. 

^^^^ 

_ 

*— • 

0  er 

<^ 

•«» 

•^ 

> 

> 

•^ 

•p^ 

.^. 

X 

X 

<  0 

-^» 

•^> 

•^ 

> 

•r> 

•^. 

X 

u.  0 

•^» 

> 

.^,. 

0. 

> 

-13- 


TABLE  3.  GROUPING  OF  PLANTS  BY  DRAINAGE  BASIN 


LAKE  ERIE 

LAKE  HURON 

LAKE  ONTARIO/ST.  LAWRENCE 

LAKE  SUPERIOR 

Anthers tburg  WPCP 

Barrie  WPCP 

Belleville  WPCP 

Thunder  Bay  WPCP 

Brantford  WPCP 

Bradford  WPCP 

Brockville  WPCP 

Gait  WPCP  (Cambridge) 

Collingwood  WPCP 

Burlington  WPCP 

Hespeler  WPCP  (Cambridge) 

Esten  Lake  WPCP  (Eniot  Lake) 

Caledon  WPCP  (Bolton) 

Preston  WPCP  (Cambridge) 

Plant  Two  (Elliot  Lake) 

Campbell  ford  WPCP 

Chatham  WPCP 

Goderich  WPCP 

Cobourg  WPCP  No.l 

Dresden  WPCP 

Hanover  WPCP 

Cornwall  WPCP 

Dunnville  WPCP 

Huntsville  WPCP 

Dundas  WPCP 

Fergus  WPCP 

Midland  WPCP 

Anger  Ave.  WPCP  (Fort  Erie) 

Guelph  WPCP 

North  Bay  WPCP 

Baker  Rd.  WPCP  (Grimsby) 

Ingersoll  New  WPCP 

Orillia  WPCP 

Acton  WPCP  &  Lagoon  (Hal ton  Hills) 

Kitchener  WPCP 

Owen  Sound  WPCP 

Georgetown  WPCP  (Hal ton  Hills) 

Leamington  WPCP 

Parry  Sound  WPCP 

Woodward  Ave.  WPCP  (Hamilton) 

Adelaide  WPCP  (London) 

Port  Elgin  WPCP 

Iroquois  WPCP 

Greenway  WPCP  (London) 

Sault  Ste.  Marie  WPCP 

Kingston  WPCP 

Oxford  WPCP  (London) 

Sturgeon  Falls  WPCP 

Kingston  TWP  WPCP 

Pottersburg  WPCP  (London) 

Sudbury  WPCP 

Highland  Creek  WPCP  (Metro  Toronto) 

Vauxhall  WPCP  (London) 

Thunder  Bay  WPCP 

Humber  WPCP  (Metro  Toronto) 

Belle  River-Maidstone  WPCP 

Hamner,  Val-Caron,  Val-Therese 

Main  WPCP  (Metro  Toronto) 

Corunna  P.V.  Plant  (Moore) 

WPCP  (Valley  East) 

North  Toronto  WPCP  (Metro  Toronto) 

Paris  WPCP 

Mikkola  WPCP  (Walden) 

Milton  WPCP 

Sarnia  WPCP 

Walkerton  WPCP 

Clarkson  WPCP  (Mississauga) 

Simcoe  WPCP 

Wasaga  Beach  WPCP 

Lakeview  WPCP  (Mississauga) 

St.  Thomas  WPCP 

Napanee  WPCP 

Stratford  WPCP 

Port  Darlington  WPCP  (Newcastle) 

Tillsonburg  WPCP 

Newmarket  WPCP 

Wallaceburg  WPCP 

Stamford  WPCP  (Niagara  Falls) 

Waterloo  WPCP 

South  East  WPCP  (Oakville) 

Little  R.  WPCP  (Windsor) 

South  West  WPCP  (Oakville) 

Westerly  WPCP  (Windsor) 

Orangeville  WPCP 

Woodstock  WPCP 

Hannony  Cr.  WPCP  No.l  (Oshawa) 

Harmony  Cr.  WPCP  No. 2  (Oshawa) 

Peterborough  WPCP 

York-Durham  WPCP  (Pickering) 

Picton  WPCP 

Seaway  WPCP  (Port  Col  borne) 

Port  Hope  WPCP 

Prescott-Edwardsburgh  WPCP 

Port  Dalhousie  WPCP  (St.  Catharines) 

Port  Weller  WPCP  (St.  Catharines) 

Trenton  WPCP 

Wei  land  WPCP 

Corbett  Cr.  WPCP  (Whitby) 

Pringle  Cr.  WPCP  No.l  (Whitby) 

Pringle  Cr.  WPCP  No. 2  (Whitby) 
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TABLE  4.  EQUATIONS  FOR  CALCULATION  OF  BASIN  LOADINGS  AND 
AGGREGATE  AVERAGE  CONCENTRATIONS 


DESCRIPTION 

EQUATION 

TP  Loading  in  year  i   for  plant 
X  -  monthly  data  available. 

Lix  =  0.365     Y  Qijx  Pijx  Ct/yr] 

TP  Loading  in  year  i   for  plant 
X  -  only  annual   averages 
available. 

Lix  =  0.365  Qix  Pjx  Ct/yr] 

TP  Loading  in  year  i   for  a           • 
Drainage  Basin 

m 
Li   =       E     Lix  Ct/yr] 
x=l 

Aggregate  Average  TP  Concentra- 
tion for  year  i,   for  a  Drainage 
Basin 

n 
Pi   =  Li/     E     Qix  [mg/L] 
x=l 

Where: 

Q-jjx  =  total    flow  for  year  i,  month  j,   plant  x 

Pijx  =  phosphorus  concentration  in  year  i,  month  j   for  plant  x 

Qix     =  total    flow  for  year  i,   plant  x 

P-jn     =  phosphorus  concentration   for  year  i,   plant  x 

n-fx     =  number  of  months  of  available  data  in  year  i   for  plant  x 

m         =  number  of  plants   in  basin 
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3.4      Phosphorus  Management  Strategies 

Based  on  discussions  with  the  Project  Steering  Committee,  the  fol- 
lowing strategies  were  considered  to  reduce  basin  phosphorus  loadings  in  each 
of  the  Lake  Erie  and  Lake  Ontario/St.  Lawrence  drainage  basins: 

Scenario  0: 

Basin  loadings  as  actually  experienced  in  1984  and  1985. 

Scenario  1: 

All    plants   comply   with   effluent   TP  _<    1  mg/L  on   an   annual    average 

basis,  or  their  site-specific  requirements. 

Scenario  2: 


All    plants   comply   with   effluent   TP  £  1  mg/L   on   a   monthly   average 
basis,  or  their  site-specific  requirements. 

Scenario  3: 

All    plants    with    design    capacity    >  100, 000   m^/d    in    the    Lake    Erie 

drainage  basin  and  >200,000  m^/d  in  the  Lake  Ontario  drainage  basin 

comply  with  effluent  TP  <_  0.9  mg/L  on  a  monthly  average  basis. 

All    other    plants    comply    on    a    monthly    average    basis    with    TP   _<    1 

mg/L,  or  their  site- sped  fie  requirements. 

Scenario  4: 

All  plants  comply  with  effluent  TP  _<  0.9  mg/L  on  a  monthly  average 
basis,  or  their  site-specific  requirements. 

For  each  management  strategy  evaluated,  the  loading  reduction  to 
each  receiving  basin  (Lake  Erie  and  Lake  Ontario/St.  Lawrence)  which  would 
have  resulted  in  1984  and  1985  was  calculated.  The  projected  basin  loadings 
for  1986  to  1990  were  estimated  and  compared  to  the  projected  loadings  which 
would  occur  without  any  change  in  phosphorus  removal  efficiency  (baseline 
case).  The  estimated  additional  costs  of  each  phosphorus  removal  strategy 
for  the  years  1984  and  1985  were  calculated. 
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3.4.1  Basin  Loading  Reduction 

The  effect  that  each  management  strategy  would  have  on  basin  load- 
ing was  determined  using  a  modified  form  of  the  IBM-PC  program  described  in 
Section  3.3.  Hypothetical  loads  for  1984  and  1985  for  each  scenario  from 
each  individual  plant  were  calculated  by  adjusting  the  effluent  phosphorus 
concentrations  which  did  not  comply  with  the  stated  requirements  of  that 
scenario.  For  the  scenario  based  on  annual  compliance  (Scenario  1),  the 
hypothetical  load  was  calculated  by  adjusting  the  annual  average  effluent 
phosphorus  concentration  to  1  mg/L  if  the  particular  plant  under  considera- 
tion did  not  meet  that  requirement  for  either  1984  or  1985.  If  a  particular 
plant  was  already  complying  with  the  annual  requirement  of  1  mg/L,  no  change 
was  made  to  the  discharge  loading  of  phosphorus  from  that  plant  (that  is,  its 
performance  was  not  downgraded  to  1  mg/L  if  it  was  already  discharging  at  a 
lower  concentration).  For  the  scenarios  based  on  monthly  compliance  (Scen- 
arios 2,  3  and  4),  the  hypothetical  load  was  calculated  by  adjusting  the 
average  monthly  effluent  phosphorus  concentration  to  1  mg/L  or  0.9  mg/L  as 
required  for  those  months  in  1984  and  1985  that  did  not  already  meet  that  re- 
quirement. As  in  Scenario  1,  plant  performance  was  not  downgraded  for  months 
that  were  already  meeting  the  discharge  limits  specified  by  the  particular 
scenario  being  evaluated.  No  consideration  was  given  to  the  fact  that  plants 
were  not  actually  attempting  to  meet  monthly  requirements  in  1984  and  1985. 

From  the  hypothetical  loads  for  1984  and  1985  for  each  plant,  basin 
loadings  and  aggregate  average  phosphorus  concentrations  were  calculated  (as 
described  in  Section  3.3)  for  each  scenario.  Furthermore,  using  the  predic- 
ted flows  and  the  assumption  that  1985  treatment  efficiency  is  maintained, 
hypothetical  basin  loadings  were  predicted  for  1986-1990  after  implementation 
of  each  scenario.  The  basin  loading  reduction  resulting  from  each  scenario 
was  compared  to  the  "Base  Load",  defined  as  the  actual  1983  phosphorus  load- 
ings for  the  Lake  Erie  and  the  Lake  Ontario/St.  Lawrence  drainage  basins. 

3.4.2  Remediation 

For  every  plant  not  presently  complying  with  the  phosphorus  removal 
requirements  suggested  by  the  individual  phosphorus  removal  strategies  evalu- 
ated, some  improvement  in  phosphorus  removal  efficiency  would  be  required. 
These  performance  improvements  will  generally  result  in  increased  plant 
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operating  costs.  In  order  to  estimate  operating  cost  increases  associated 
with  each  management  strategy  in  each  receiving  basin  considered  (Lake  Erie 
and  Lake  Ontario/St.  Lawrence  River),  remediation  methods  were  developed  for 
each  plant  affected  by  the  strategies  proposed. 

The  remedial  measures  which  would  be  implemented  in  each  plant  were 
based  on  the  plant  operating  evaluations  conducted  in  Phase  1.  Generally, 
remediation  involved  an  increase  in  chemical  dosage.  Remediation  was  applied 
only  in  those  plants  that  exceeded  the  effluent  criteria  imposed  for  the 
specific  scenario  being  evaluated  and  only  for  the  time  period  (months  or 
years)  that  was  exceeded  for  that  scenario.  No  consideration  was  given  to 
the  fact  that  plants  were  not  attempting  to  meet  monthly  compliance  require- 
ments in  1984  and  1985.  The  objective  of  Phases  2  and  3  of  the  program  are 
to  better  define  specific  remediation  methods  which  could  be  applied  to 
improve  plant  phosphorus  removal  performance.  Therefore,  fine-tuning  of  the 
remediation  methods  will  result  from  the  completion  of  these  phases  of  the 
investigation. 

The  following  assumptions  were  made  in  determining  the  extent  of 
remediation  required  at  each  plant: 

1)  Chemical  dosage  increase  was  the  most  cost-effective  method  for 
plants  already  using  chemical  phosphorus  removal. 

ii)  Implementation  of  chemical  addition  (FeCl3)  for  phosphorus  removal 
at  plants  not  presently  using  phosphorus  removal  would  be  an  effec- 
tive method  of  improving  P  removal  efficiency  at  these  plants. 

iii)  Dosage  increase  for  secondary  plants  using  phosphorus  removal  was 
based  on  an  increase  equivalent  to  the  metal-to-phosphorus  weight 
ratio  used  in  1984  and  1985  and  the  difference  between  the  effluent 
requirement  and  the  operating  point. 

iv)  For  primary  plants  using  chemicals  for  phosphorus  removal,  it  was 
assumed  that  improved  solids  removal  by  0.5  mg/L  polymer  addition 
would  achieve  the  desired  effluent  P  requirement. 
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v)  Chemical  dosage  to  secondary  plants  not  presently  using  phosphorus 
removal  was  based  on  the  amount  of  phosphorus  removed  without 
chemicals  and  the  effluent  phosphorus  concentrations.  Also, 
chemical  addition  was  only  considered  to  be  required  during  those 
periods  that  the  effluent  concentration  exceeded  the  imposed 
limits. 

3.4.3    Costs  of  Remediation 

In  order  to  implement  the  improvements  at  each  plant,  costs  would 
be  incurred  due  to  additional  chemical  usage  (metal  and/or  polymer),  and 
additional  sludge  production.  Since  prorated  capital  costs  for  equipment 
would  be  relatively  small  compared  to  chemical  and  sludge  handling  costs,  no 
capital  cost  component  was  included. 

The  following  assumptions  were  used  to  determine  costs  required  at 
each  plant: 

i)  Costs  for  ferric,  ferrous  and  alum  addition  were  based  on  reported 
costs,  FOB  the  plant  (Reported  1984  and  1985  costs). 

ii)  Polymer  costs  were  assumed  to  be  $2.50/kg  FOB  the  plant.  No  addi- 
tional labour,  power  or  maintenance  costs  were  assigned  to  the 
polymer  make-up  and  feed  system. 

iii)  Increased  sludge  production  from  increased  chemical  dosage  was 
based  on  the  averages  of  ranges  of  values  suggested  by  U.S.  EPA 
(1976)  as  4.52-2.89  mg  sludge/mg  Al  (avg.  3.71)  and  2.70-1.92  mg 
sludge/mg  Fe  (avg.  2.31). 

iv)  No  increase  in  sludge  handling  capacity  (digesters,  dewatering 
equipment)  was  provided. 

v)  Sludge  disposal  costs  were  based  on  $2.50/m'^  wet  sludge  for  land 
disposal;  $50/tonne  dry  solids  for  dewatering  and  disposal,  $150/ 
tonne  for  dewatering  and  incineration,  and  $200/tonne  for  dewater- 
ing, heat  treatment  and  incineration.  Costs  at  each  plant  were 
based  on  the  actual  sludge  disposal  methods  in  use  at  that  plant. 
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vi)  For  primary  plants,  it  was  assumed  that  improved  solids  removal  by 
polymer  addition  would  achieve  a  1  mg/L  effluent  phosphorus  re- 
quirement. Therefore,  capital  costs  for  upgrading  to  full  second- 
ary treatment  were  not  considered. 

As  noted  in  Section  3.4.2,  the  objectives  of  Phases  2  and  3  of  the 
program  are  to  develop  and  demonstrate  improved  phosphorus  control  techniques 
which  would  improve  phosphorus  removal  efficiencies  at  existing  facilities  at 
low  cost.  The  results  of  Phases  2  and  3  will  be  used  to  improve  the  prelim- 
inary remediation  costs  presented  in  this  Phase  1  report. 


-20- 


4.0  SUMMARY  OF  PLANT  PERFORMANCE 

4.1  Historical  Data  Review 

4.1.1    General 


In  1985,  there  were  96  municipal  treatment  plants  with  design  capa- 
city greater  than  4546  m^/day  (1  MGD)  discharging  to  the  International  sec- 
tion of  the  Great  Lakes  drainage  basin.  These  included  44  plants  in  the  Lake 
Ontario/St.  Lawrence  drainage  basin,  31  in  the  Lake  Erie  drainage  basin,  20 
in  the  Lake  Huron  drainage  basin  and  1  in  the  Lake  Superior  drainage  basin. 
Of  these,  83  plants  presently  provide  secondary  treatment,  while  13  provide 
only  primary  treatment.  None  of  the  4  sewage  lagoons  in  the  Great  Lakes 
Basin  with  capacities  greater  than  4546  m-^/day  (1  MGD)  (Strathroy  lagoon, 
Listowel  lagoon,  Kincardine  lagoon  and  Lindsay  lagoon)  were  included  in  the 
review.  All  of  the  plants,  their  design  capacity  and  type,  and  the  chemicals 
used  for  phosphorus  removal  at  each  plant  are  listed  in  Tables  5  to  7.  Fig- 
ure 5  indicates  the  location  of  each  plant. 

Average  daily  flow  and  average  effluent  quality  characteristics  for 
1981  to  1985,  obtained  from  the  annual  performance  data  review  prepared  for 
each  plant,  are  summarized  in  Tables  8  to  10.  Also  included  in  these  summary 
tables  is  the  5  year  long-term  average  daily  flow  and  effluent  quality  for 
each  plant. 

4.1.2    Plant  and  Basin  Summaries  of  Compliance 

A  number  of  summaries  were  developed  to  illustrate  the  compliance 
histories  of  individual  plants.  Compliance  has  been  assessed  in  two  ways  in 
this  report: 

i)  Annual  Compliance  -  A  plant  was  considered  to  be  "in  compliance"  if 
the  annual  average  effluent  concentration  of  BOD5,  TSS  or  TP  did 
not  exceed  the  MOE  Guidelines  for  the  year  being  evaluated. 

ii)  Monthly  Compliance  -  A  plant  was  considered  to  be  "in  compliance" 
if  the  monthly  average  effluent  concentration  of  BOO5,  TSS  or  TP 
did  not  exceed  the  MOE  Guidelines  for  any  month  in  the  year  being 
evaluated-.  (That  is,  a  plant  was  considered  to  be  out-of-conpli- 
ance  for  the  1984  if  the  monthly  average  effluent  concentration 
exceeded  the  MOE  Guideline  during  any  month  in  1984.) 
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Ef fluent  requirements  that  were  used  were  based  on  MOE  Effluent 
Criteria  for  BOD5,  TSS  and  TP  (Policy  0801,  revised  in  1983),  as  presented  in 
Table  11.  For  primary  plants,  the  exceedance  of  Effluent  Design  Objectives 
indicated  non-compliance.  For  secondary  plants,  the  exceedance  of  the  Efflu- 
ent Guidelines  indicated  non-compliance.  For  all  plants,  including  those  not 
practicing  phosphorus  removal,  the  phosphorus  effluent  requirement  was  con- 
sidered to  be  1  mg/L.  Although  the  performance  data  from  all  plants  was 
analyzed  using  the  above  guidelines,  it  should  be  noted  that  several  plants 
have  more  stringent  site-specific  requirements  with  respect  to  BOD5,  TSS  and/ 
or  TP,  as  shown  in  Table  12. 

Tables  13  to  15  present  the  annual  compliance  history  (compliance 
with  annual  average  effluent  requirement)  for  the  individual  treatment  facil- 
ities for  the  years  1981  to  1985  with  respect  to  BOD5,  TSS  and  TP.  In  the 
Lake  Erie  Basin,  seventeen  plants  (54.8  percent  of  the  31  plants  evaluated) 
were  in  compliance  on  an  annual  basis  with  all  effluent  requirements  (BOD5, 
TSS  and  TP)  for  every  year  (1981  to  1985).  In  the  Lake  Ontario/St.  Lawrence 
River  Basin,  fifteen  plants  (34.0  percent  of  the  44  plants  evaluated)  were  in 
compliance  with  all  requirements  every  year  and  in  the  Upper  Great  Lakes 
Basin,  3  plants  (14.3  percent  of  21  plants)  were  in  compliance  with  all  re- 
quirements every  year.  Overall,  35  plants  (36.4  percent  of  96  plants)  met 
all  requirements  every  year  during  1981  to  1985. 

In  Figure  6,  a  histogram  presents  the  number  of  plants  that  were 
not  in  compliance  with  respect  to  annual  average  BOD5,  TSS  and  TP  effluent 
concentrations  for  the  5  year  period.  These  data  indicated  a  decreasing 
trend  in  the  number  of  plants  that  were  not  in  compliance  from  1981  to  1985 
for  all  parameters.  It  should  also  be  noted  that  there  were  a  significantly 
greater  number  of  plants  that  exceeded  TP  effluent  limits  compared  to  those 
that  exceeded  BOD5  and  TSS  effluent  limits. 

Tables  16  to  18  summarize  the  compliance  status  for  BOD5,  TSS  and 
TP  of  these  plants  for  the  years  1984  and  1985  when  compliance  is  assessed  on 
a  monthly  basis,  along  with  their  compliance  status  on  the  basis  of  annual 
average  effluent  concentration.  It  should  again  be  noted  that  plants  were 
not  attempting  to  meet  a  monthly  compliance  requirement  during  these  years. 
From  these  data,  summaries  presenting  the  number  of  plants  that  were  in  com- 
pliance on  an  annual  average  basis  compared  to  the  number  of  plants  that 
would  be  in  compliance  on  a  monthly  average  basis  were  developed  and  are  pre- 
sented in  Table  19  and  Figures  7  to  9.   It  can  be  observed  that  there  are 
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TABLE  11.  MOE  EFFLUENT  CRITERIA  (POLICY  0801,  1983 


TREATMENT  LEVEL  &  PROCESS 

EFFLUENT  DESIGN 
OBJECTIVES 

EFFLUENT 
GUIDELINES 

BOD5 

TSS 

TP 

BOD5 

TSS 

A.  Primary  Treatment 

-  Without  P-removal 

-  With  P-removal 

30% 

Removal 

50% 

Removal 

50% 

Removal 

70% 

Removal 

1.0 

B.  Secondary  Treatment 

-  Conventional  A.S. 

-  Contact  Stabilization 

-  Extended  Aeration 

15 
20 
15 

15 
20 
15 

1.0 
1.0 
1.0 

25 
25 
25 

25 
25 
25 



TABLE  12.   MUNICIPAL  WASTEWATER  TREATMENT  FACILITIES  IN  THE  GREAT  LAKES  BASIN 
WITH  SITE-SPECIFIC  EFFLUENT  QUALITY  GUIDELINES 


PLANT 

BOD5 

TSS 

TP 

mg/L 

kg/d 

mg/L 

kg/d 

mg/L 

kg/d 

Lake  Erie 

15 

440 

15 

O.5I 
0.52 

Chatham  WPCP 
Guelph  WPCP 
Stratford  WPCP 

Lake  Ontario/St.  Lawrence 

4.2 
7.5 

13.6 
136 

60 

15.0 
7.5 

60 

0.52 

0.433 
0.5 
0.52 
0.52 

4.0 

Belleville  WPCP 

Acton  WPCP  (Hal ton  Hills) 

Georgetown  WPCP  (Hal ton  Hills) 

Milton  WPCP 

Orangeville  WPCP 

Picton  WPCP 

Trenton  WPCP 

Upper  Great  Lakes 

15 
15 



136 

- 

15 

15 

136 

0.3 

0.9 

Bradford  WPCP 
Goderich  WPCP 
Hanover  WPCP 

1.  River  Temp  £  10°C,  TP  <_   1.0  mg/L,  >10°C,  TP  £  0.5  mg/L 

2.  May  to  October 

3.  Soluble  P 
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FIGURE  6  -  ANNUAL  COMPLIANCE  SUMMARY  FOR  96  PLANTS  IN  ONTARIO 
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significantly  fewer  plants  in  compliance  when  evaluated  on  a  monthly  average 
basis  for  all  parameters.  The  largest  difference  was  consistently  for  IP, 
with  up  to  50%  (1984  total.  Table  18)  more  plants  being  in  compliance  when 
evaluated  on  an  annual  average  than  on  a  monthly  average  basis.  In  the  Lake 
Erie  Basin,  only  one  plant  (Kitchener  WPCP)  was  in  compliance  with  the  BOD5, 
TSS  and  TP  effluent  requirements  for  both  1984  and  1985  when  compliance  was 
assessed  on  a  monthly  average  basis.  In  the  Lake  Ontario/St.  Lawrence  River 
Basin,  only  three  plants  (Milton,  Orangeville  and  Port  Hope)  were  in  compli- 
ance with  all  requirements  for  both  years  based  on  monthly  average  effluent 
concentration.  In  the  upper  Great  Lakes  Basin,  two  plants  (Bradford  and 
Sturgeon  Falls)  were  in  this  compliance  category.  Overall,  7  plants  (6.3 
percent  of  the  total)  were  in  compliance  with  all  effluent  quality  require- 
ments (BOD5,  TSS,  TP)  for  all  months  of  1984  and  1985. 

Figures  10  to  12  present  histograms  showing  the  number  of  months 
during  1984  and  1985  that  plants  exceeded  the  effluent  requirements  for  BOD5, 
TSS  and  TP,  respectively.  Approximately  two-thirds  of  the  96  plants  evalu- 
ated were  consistently  in  compliance  with  the  BOD5  and  TSS  requirements  (zero 
months  out-of-compl iance)  in  1984  and  1985.  Of  those  that  were  out-of-com- 
pliance,  the  majority  exceeded  the  effluent  requirement  for  three  months  or 
less.  Conversely,  almost  fifty  percent  of  the  plants  were  out-of-compl iance 
with  the  TP  requirement  for  between  1  and  6  months  of  1984  and  1985  and  more 
than  ten  percent  of  these  plants  exceeded  the  1  mg/L  effluent  TP  requirement 
for  more  than  half  of  1984  and  1985  (more  than  6  months  of  each  year). 

Tables  20  to  22  present  the  average  effluent  concentration  of  BOD5, 
TSS  and  TP  for  each  plant  for  those  months  that  were  not  in  compliance  with 
the  effluent  requirement.  With  a  few  exceptions,  the  average  effluent  TP 
concentration  during  months  not  in  compliance  with  the  1  mg/L  requirement  is 
in  the  range  of  1.0  to  1.5  mg/L.  Exceptions  were  generally  primary  treatment 
facilities  and  plants  not  adding  chemicals  to  achieve  phosphorus  removal. 

4.1.3     Plant  Phosphorus  Removal  Status 

Tables  23  to  28  summarize  plant  performance  status  for  1984  and 
1985  on  an  individual  basin  basis  (Lake  Erie,  Lake  Ontario/St.  Lawrence 
River,  Upper  Great  Lakes).  Plants  in  each  basin  have  been  grouped  in  cate- 
gories based  on  the  annual  average  effluent  TP  concentration  achieved  during 
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TABLE  21.  LAKE  ONTARIO/ST.  LAWRENCE  NON-COMPLIANCE  AVERAGES  FOR  1984  i   1985 


PLANT 

BOD5 

TSS 

TP 

#  MO's 
DATA 

•#  MO's 
0  of  C* 

AVERAGE 
FOR  MO's 
0  of  C* 

#  MO's 
DATA 

f  MO's 
0  of  C* 

AVERAGE 
FOR  MO's 
0  Of  C* 

#  MO '  s 
DATA 

#  MO's 
0  of  C* 

AVERAGE 

FOR  MO'. 

0  Of  C 

Belleville  WPCP             P 

24 

9 

42.8 

24 

4 

38.3 

24 

4 

1.56 

Brock vi lie  WPCP 

18 

8 

33.3 

18 

3 

29.2 

24 

8 

1.20 

Skyway  WPCP  (Burlington) 
Campbell  ford  WPCP            X 

23 
21 

0 
0 

- 

23 
22 

0 
0 

- 

24 
24 

2 

4 

1.48 
1.24 

Cobourg  WPCP  No.l            X 

23 

1 

31.1 

23 

0 

- 

22 

5 

3.13 

Cornwall  WPCP               P 

24 

22 

45.1 

24 

8 

30.8 

24 

10 

1.20 

Dundas  WPCP 

24 

0 

- 

24 

1 

30.0 

24 

7 

1.19 

Anger  Ave.  WPCP  (Fort  Erie)     P 

22 

15 

37.4 

22 

10 

33.9 

22 

4 

1.18 

Baker  Rd.  WPCP  (Grimsby) 

22 

1 

*    26.0 

22 

0 

- 

24 

1 

1.04 

Acton  WPCP  +  Lagoon 
(Halton  Hills) 

23 

0 

_ 

23 

0 

_ 

24 

2 

1.34 

Georgetown  WPCP  (Halton  Hills) 
Woodward  Ave.  WPCP           X 

24 
24 

1 
7 

27.0 
35.3 

24 
24 

0 
6 

34.5 

24 
24 

5 
17 

1.75 
1.49 

Iroquois  WPCP               P 

9 

8 

123.7 

9 

9 

83.5 

8 

6 

2.59 

Kingston  WPCP               P 

24 

6 

31.2 

24 

11 

38.3 

24 

6 

1.19 

Kingston  Twp.  WPCP 

18 

2 

28.5 

18 

2 

28.0 

18 

2 

1.18 

Highland  Creek  WPCP 
(Metro  Toronto) 

24 

11 

36.1 

24 

6 

31.7 

24 

2 

1.10 

number  WPCP  (Metro  Toronto) 

24 

0 

- 

24 

6 

36.3 

24 

16 

1.50 

Main  WPCP   (Metro  Toronto) 

24 

7 

30.4 

24 

5 

39.4 

24 

11 

1.27 

North  Toronto  WPCP 
(Metro  Toronto) 

24 

1 

26.0 

24 

0 

. 

24 

5 

1.13 

Milton  WPCP 

22 

0 

- 

22 

0 

- 

20 

0 

- 

Clarkson  WPCP  (Mississauga) 

24 

0 

- 

24 

0 

- 

24 

3 

1.13 

Lakeview  WPCP  (Mississauga) 

24 

0 

- 

24 

3 

27.0 

24 

2 

1.17 

Napanee  WPCP 

18 

0 

- 

18 

1 

28.0 

24 

15 

2.26 

Port  Darlington  WPCP  (Newcastle) 

21 

3 

53.7 

21 

2 

38.1 

21 

9 

2.16 

Stamford  WPCP  (Niagara  Falls)   P 

24 

17 

42.6 

24 

15 

30.9 

24 

1 

1.07 

South  East  WPCP  (Oakville) 

23 

0 

- 

23 

0 

- 

23 

7 

1.25 

South  West  WPCP  (Oakville) 

23 

0 

- 

23 

2 

26.3 

23 

7 

1.49 

Orangeville  WPCP 

24 

0 

- 

24 

0 

- 

24 

0 

- 

Harmony  Creek  WPCP  No.l  (Oshawa) 

18 

1 

60.0 

18 

2 

41.4 

24 

7 

1.45 

Harmony  Creek  WPCP  No. 2  (Oshawa) 

18 

1 

41.0 

18 

0 

24 

6 

1.50 

Peterborough  WPCP 
York-Durham  WPCP  (Pickering) 

22 
23 

1 

0 

28.0 

22 
23 

0 
1 

34.0 

24 
24 

6 
8 

1.33 
1.26 

Pic ton  WPCP 

17 

0 

- 

17 

1 

32.0 

24 

1 

2.50 

Port  Col  borne  WPCP  (Seaway) 

24 

1 

33.7 

24 

3 

33.5 

24 

13 

1.57 

Port  Hope  WPCP 

Prescott-Edwardsburgh  WPCP     P 
Port  Dalhousie  WPCP 
(St.  Catharines) 

23 
24 

24 

0 
3 

1 

29.3 

27.0 

23 
24 

24 

0 
9 

0 

37.9 

23 
24 

24 

0 

1 

0 

1.20 

Port  Weller  WPCP  (St.  Catharines) 

24 

1 

23.0 

24 

1 

33.8 

24 

2 

1.11 

Trenton  WPCP 

24 

0 

- 

24 

1 

26.0 

24 

1 

1.20 

Wei  land  WPCP 

22 

1 

25.5 

22 

0 

- 

24 

2 

1.10 
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each  year.  Also  included  in  these  summary  tables  are  the  plants  that  did  not 
comply  with  the  annual  average  TP  requirement  and  those  that  compl ied  with 
the  monthly  average  TP  requirement. 

From  the  plant  status  summaries,  basin  flows,  loadings  and  aggre- 
gate average  TP  concentrations  for  each  status  group  were  calculated.  These 
values  show  the  contribution  from  each  status  group  to  the  flows  and  phos- 
phorus loadings  to  the  drainage  basin.  For  example.  Table  23  shows  that  the 
plants  in  the  Lake  Erie  drainage  basin  in  1984  that  were  not  in  compliance 
with  respect  to  TP  contributed  10.6%  of-the  total  basin  flow  and  16.7%  of  the 
total  basin  TP  loading.  In  the  Lake  Ontario  Basin,  the  1984  (Table  24)  flow 
contribution  of  plants  not  in  compliance  with  the  annual  average  TP  require- 
ment was  822.51  x  10^  n?/d  (30.7  percent  of  the  total)  and  the  TP  loading 
from  these  plants  was  1080  kg/d  (40.1  percent  of  the  total  TP  loading).  In 
the  Upper  Great  Lakes  Basin,  these  plants  in  1984  (Table  26)  contributed  64 
percent  of  the  basin  flow  and  83  percent  of  the  TP  loading. 

From  the  data  presented  in  Tables  23  to  28,  it  is  apparent  that  the 
overall  impact  on  the  total  basin  TP  loading  of  bringing  plants  into  compli- 
ance with  the  1  mg/L  effluent  requirement  is  more  strongly  influenced  by  the 
size  of  out-of-compl iance  plants  and  the  effluent  concentration  at  these 
plants  than  by  the  number  of  plants  out-of-compl iance. 

From  the  information  in  Tables  23  to  28,  the  ranges  of  annual  aver- 
age concentrations  found  for  all  plants  that  complied  on  a  monthly  average 
basis  were  observed.  For  both  1984  and  1985,  about  30  percent  of  all  plants 
that  complied  on  a  monthly  basis  had  annual  average  concentrations  less  than 
0.5  mg/L,  50  percent  had  concentrations  between  0.5  and  0.75  mg/L  nd  20  per- 
cent had  concentrations  greater  than  0.75  mg/L.  It  can  be  noted  that  in 
order  to  achieve  monthly  compliance,  the  majority  of  plants  had  to  maintain 
annual  average  concentrations  less  than  0.75  mg/L.  However,  some  plants  did 
achieve  monthly  compliance  with  higher  annual  averages  (>0.75  mg/L).  This 
suggests  that  with  good  plant  operation  and  monitoring  and  low  influent  phos- 
phorus and  flow  variability,  higher  annual  average  concentrations  can  be 
maintained,  while  complying  on  a  monthly  basis.  These  results  cannot  be  val- 
idated because  in  1984  and  1985  plants  were  not  attempting  to  achieve  monthly 
phosphorus  compliance. 
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4.1.4     Effect  of  Sampling  Frequency 

Plants  that  sample  more  frequently  may  better  be  able  to  control 
their  chemical  usage  and  ultimately  their  average  effluent  phosphorus  concen- 
trations. To  determine  if  sampling  frequency  has  an  effect  on  the  annual 
average  phosphorus  concentration,  the  number  of  samples  upon  which  effluent 
phosphorus  averages  were  based  in  1984  and  1985  were  reviewed  relative  to  the 
reported  concentrations. 

Figure  13  presents  a  histogram  of  the  number  of  plants  and  the  fre- 
quency that  they  were  sampling  in  1984  and  1985.  It  can  be  observed  that 
about  24  plants  {>24%)  were  not  doing  any  effluent  phosphorus  sampling  other 
than  the  required  monthly  (or  bimonthly)  analyses  done  at  regional  MOE 
laboratories.  About  40  i>^0%)  of  the  plants  were  doing  on-site  analyses  more 
than  twice  per  week. 

Figures  14  and  15  compare  the  number  of  effluent  TP  samples  taken 
in  1984  and  1985  at  each  plant  to  the  annual  average  effluent  TP  concentra- 
tion. It  can  be  observed  that  annual  average  effluent  concentrations  tend  to 
deviate  more  from  the  ideal  1  mg/L  when  less  than  50  samples  {<l/wk)  were 
taken.  Where  greater  than  50  samples  {>l/wk)  were  taken,  there  does  not 
appear  to  be  any  trend  of  increased  efficiency  with  an  increased  number  of 
samples.  A  number  of  reasons  for  the  lack  of  trends  indicated  by  these  plots 
can  be  suggested: 

1.  Plants  that  are  sampling  regularly  are  not  using  the  obtained  re- 
sults to  adjust  chemical  dosages. 

2.  Depending  on  the  type  of  sample  taken  (grab  or  composite)  and  time 
of  day,  sample  analysis  may  not  be  representative  of  the  actual 
average  TP  concentration. 

3.  Infrequent  sampling  (i.e.  <l/wk)  does  not  allow  for  a  damping  ef- 
fect for  high  or  low  days  due  to  rainfall,  industry  peaks  and  shut- 
downs (e.g.  weekends). 

4.  On-site  analytical  methods  may  be  inaccurate. 

In  summary,  there  was  found  to  be  little  or  no  correlation  between 
sampling  frequency  and  annual  average  effluent  phosphorus  concentrations. 
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FIGURE  13  -  SAMPLING  FREQUENCIES  FOR  96  PLANTS 
IN  ONTARIO 


No.  of  TP  Samples  Taken  in  1984 

FIGURE  14  -  SAMPLING  FREQUENCY  VS.  1984  ANNUAL  AVERAGE  EFFLUENT 
TP  CONCENTRATION  FOR  96  PLANTS  IN  ONTARIO 
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FIGURE  15  -  SAMPLING  FREQUENCY  VS.  1985  ANNUAL  AVERAGE  EFFLUENT 
TP  CONCENTRATION  FOR  96  PLANTS  IN  ONTARIO 
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4.2  Plant  Review 

Information  generated  as  a  result  of  direct  contact  with  the  indi- 
vidual plants  is  summarized  in  Tables  29  to  31.  Included  in  these  summary 
tables  are  the  1984  and  1985  annual  average  effluent  phosphorus  concentra- 
tions, the  number  of  months  of  TP  compliance  in  these  years,  the  chemical  and 
dosage  used  for  phosphorus  removal  and  the  reasons  that  were  suggested  for 
phosphorus  removal  performance.  The  most  commonly  suggested  reasons  for 
superior  phosphorus  removal  performance  were  low  clarifier  surface  loading, 
effluent  polishing,  polymer  addition,  and  low  influent  P  concentration. 
Reasons  suggested  most  often  for  poor  phosphorus  removal  performance  included 
high  clarifier  surface  loading,  poor  (or  no)  dosage  control  and  low  P  removal 
chemical  dosage.  Due  to  the  volume  of  information  acquired  from  the  96 
plants  contacted  in  Phase  1,  it  is  not  considered  practical  to  append  this 
plant  design  and  performance  data. 

Plants  which  were  recommended  for  inclusion  in  the  Phase  2  program 
were  selected  based  on  the  performance  and  operating  data  acquired.  Details 
of  plant  selection  are  discussed  further  in  Section  7.0. 

4.3  Summary  of  Key  Findings 

From  the  results  of  the  historical  data  review,  a  number  of  key 
findings  have  been  identified: 

i)  There  was  a  general  improvement  in  the  number  of  plants  that  com- 
plied with  BOD5,  TSS  and  TP  effluent  criteria  from  1981  to  1985, 
indicating  improved  plant  performance. 

ii)  There  were  significantly  more  plants  that  did  not  comply  with  TP 

requirements  than  with  BOD5  and  TSS  in  all  years. 
iii)  A  comparison  of  an  'annual  average'  method  to  a  'monthly  average' 
method  of  assessing  compliance  shows  that  a  larger  percentage  of 
plants  are  not  in  compliance  based  on  the  monthly  average  criter- 
ion. The  largest  increase  is  associated  with  compliance  with  ef- 
fluent TP  requirements. 

iv)  Based  on  the  'annual  average'  method  of  measuring  compliance,  a 
total  of  18  plants  would  require  improvements  in  their  phosphorus 
removal  performance  based  on  1985  data.  This  compares  to  a  total 
of  63  plants  which  would  require  improvements  to  meet  the  monthly 
average  compliance  requirements  for  total  phosphorus. 
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5.0  LOADINGS  TO  THE  GREAT  LAKES  BASINS 

Total  flows  from  municipal  treatment  facilities  larger  than  4546 
m-^/d,  total  phosphorus  loadings  and  aggregate  average  phosphorus  concentra- 
tions were  calculated  for  1981  to  1985  for  each  drainage  basin  (Lake  Erie, 
Lake  Ontario,  Lake  Huron  and  Lake  Superior)  using  the  methodologies  described 
in  Section  3.3.  Individual  plant  loadings  for  1984  and  1985  are  shown  in 
Tables  Al  to  A3,  Appendix  A.  Table  32  summarizes  these  parameters  for  all 
basins  for  1981  to  1985.  Based  on  the  historical  data,  flows  and  phosphorus 
loadings  to  each  basin  were  projected  for  1986  to  1990.  As  described  in  Sec- 
tion 3.3,  flow  projections  were  based  on  linear  regession  of  the  historical 
flow  data  for  each  basin  for  the  time  period  1981  to  1985,  and  were  compared 
to  the  total  basin  WPCP  design  flow  capacity.  As  basin  flows  increase,  the 
corresponding  increase  in  hydraulic  loading  at  individual  plants  may  cause 
deterioration  in  phosphorus  removal  efficiencies.  Evaluation  of  the  present 
and  projected  flows  that  will  exceed  individual  plant  design  capacity  gives 
an  indication  of  when  effluent  phosphorus  quality  will  begin  to  deteriorate 
at  individual  plants  if  design  capacities  are  not  increased.  The  total  basin 
phosphorus  loadings  from  1986  to  1990  were  calculated  based  on  the  projected 
flows  to  each  basin  assuming  1985  effluent  quality  is  maintained.  The  limi- 
tation of  this  assumption  should  be  noted.  The  probable  impact  of  increased 
flows  on  plant  capability  to  maintain  the  present  (1985)  level  of  treatment, 
and  resulting  effect  on  total  basin  loadings,  was  not  considered. 

5.1  Lake  Erie  Basin 

Actual  and  projected  flows  from  treatment  plants  under  considera- 
tion in  the  Lake  Erie  Basin  are  presented  in  Figure  16.  Based  on  linear  re- 
gression, the  flow  to  Lake  Erie  from  these  plants  has  increased  at  an  average 
rate  of  2.5  percent  per  year  for  the  period  from  1981  to  1985.  In  1985,  18.0 
percent  of  the  total  basin  flows  were  from  4  plants  which  had  exceeded  design 
capacity.  This  is  predicted  to  increase  to  39.9  percent  in  1990,  as  a  result 
of  11  plants  exceeding  design  capacity.  The  total  basin  WPCP  design  flow 
capacity  will  be  exceeded  in  1991  if  no  expansions  occur  in  the  meantime. 

The  total  phosphorus  loading  over  the  period  from  1981  to  1985  has 
averaged  239.3  tonnes  per  year,  with  no  apparent  trend  as  indicated  in  Figure 
17.  The  annual  loading  increase  projected  based  on  1985  effluent  quality  and 
a  2.5  percent  per  year  flow  increase  is  also  shown  in  Figure  17. 
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FIGURE    16   -   LAKE   ERIE   DRAINAGE   BASIN   -  TOTAL   FLOW   VS.    TIME 
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FIGURE   17    -   LAKE   ERIE   DRAINAGE   BASIN   -  TOTAL   PHOSPHORUS   LOADING  VS.    TIME 
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FIGURE    18    -   LAKE    ERIE    DRAINAGE   BASIN    -  AGGREGATE   AVERAGE   TP 
CONCENTRATION   VS.    TIME 
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The  aggregate  average  TP  concentration  in  treatment  plants  dis- 
charging to  the  Lake  Erie  Basin  has  shown  a  decreasing  trend  over  the  period 
from  1981  to  1985  as  shown  in  Figure  18.  The  aggregate  average, concentration 
in  1984  and  1985  was  approximately  0.8  mg/L,  twenty  percent  lower  than  the 
IJC  objective  of  1.0  mg/L.  The  aggregate  average  concentration  for  the  past 
five  years  has  never  exceeded  0.93  mg/L. 

5.2  Lake  Ontario/St.  Lawrence  River  Basin 

Total  flows  from  municipal  treatment  plants  in  the  Lake  Ontario/ 
St.  Lawrence  River  Basin  have  increased  at  a  rate  of  approximately  1.7  per- 
cent per  year  over  the  period  from  1981  to  1985,  as  shown  in  Figure  19  and 
are  projected  to  exceed  basin  design  flow  capacity  in  1997.  In  1985,  12.4 
percent  of  the  total  basin  flows  were  from  8  plants  that  had  exceeded  design 
capacity.  If  no  plant  expansions  occur,  this  would  increase  to  28  percent  of 
flows,  from  11  plants  in  the  basin. 

Unlike  the  situation  in  the  Lake  Erie  Basin,  there  has  been  a  de- 
clining trend  in  the  total  phosphorus  loading  to  the  Lake  Ontario/St.  Law- 
rence River  Basin,  as  shown  in  Figure  20,  from  a  total  loading  in  excess  of 
1000  tonnes/year  to  approximately  950  tonnes/year  over  the  five-year  period. 
Based  on  projected  flow  increases  and  1985  performance,  the  total  loadings 
are  projected  to  exceed  1000  tonnes/year  again  by  1989. 

Municipal  treatment  plants  in  the  Lake  Ontario/St.  Lawrence  River 
have  shown  the  same  trend  toward  better  phosphorus  removal  performance  over 
the  time  period  from  1981  to  1985  as  plants  in  the  Lake  Erie  basin.  As  shown 
in  Figure  21,  the  aggregate  average  TP  concentration  has  declined  from  1.14 
mg/L  in  1981  to  0.93  mg/L  in  1985. 

5.3  Lake  Huron  Basin 

Flows  from  municipal  treatment  facilities  in  the  Lake  Huron  Basin 
have  increased  at  an  average  rate  of  3.2  percent  per  year,  as  shown  in  Figure 
22  and  are  projected  to  exceed  total  WPCP  design  flow  capacity  in  1986.  In 
1985,  23.3  percent  of  the  total  basin  flows  were  from  4  plants  that  had  ex- 
ceeded design  flow  capacity.  This  is  predicted  to  increase  to  64.0  percent, 
from  9  plants  if  expansions  do  not  occur  at  any  WPCP. 

As  shown  in  Figure  23,  there  was  a  major  decrease  in  the  TP  loading 
to  the  Lake  Huron  Basin  between  1981  and  1982  as  plants  began  practising 
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FIGURE  19  -  LAKE  ONTARIO  DRAINAGE  BASIN  -  TOTAL  FLOW  VS.  TIME 


FIGURE  20  -  LAKE  ONTARIO  DRAINAGE  BASIN  -  TOTAL  PHOSPHORUS 
LOADING  VS.  TIME 
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FIGURE  21  -  LAKE  ONTARIO  DRAINAGE  BASIN  -  AGGREGATE  AVERAGE  TP 
CONCENTRATION  VS.  TIME 


-62- 


3*0    -J 

330    — 

I 
320    — 

I 
300    -J 


290 


2eo 


a 


ieai     1082     1903 

a  ACTUAI. 


teas 

Y«or 


PWCOtCTCD 


1987  1988  1989 

—   n_ow  CAPAcmr 


FIGURE  22  -  LAKE  HURON  DRAINAGE  BASIN  -  TOTAL  FLOW  VS.  TI^iE 
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FIGURE  23  -  LAKE  HURON  DRAINAGE  BASIN  -  TOTAL  PHOSPHORUS 
LOADING  VS.  TIME 
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FIGURE  24  -  LAKE  HURON  DRAINAGE  BASIN  -  AGGREGATE  AVERAGE  TP 
CONCENTRATION  VS.  TIME 
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phosphorus  removal.  Since  that  time,  the  basin  IP  loading  has  progressively 
increased.  This  increase  is  related  to  the  increased  flow  from  plants  dis- 
charging to  the  Lake  Huron  Basin  and  to  an  increase  in  the  aggregate  average 
TP  concentration  from  1982  to  1985.  As  shown  in  Figure  24,  there  was  a  sig- 
nificant reduction  in  the  aggregate  average  TP  concentration  in  1982  compared 
to  1981  as  phosphorus  removal  systems  were  implemented.  However,  there  were 
four  plants  (Port  Elgin  WPCP,  Sault  Ste.  Marie  WPCP,  Sudbury  WPCP  and  Walden 
WPCP)  that  had  not  implemented  phosphorus  removal  by  the  end  of  1985.  As  a 
result,  the  aggregate  average  TP  concentration  in  the  effluents  from  plants 
in  the  Lake  Huron  Basin  has  consistently  exceeded  1  mg/L.  It  should  be  noted 
that  Wasaga  Beach  WPCP,  which  is  classified  as  an  exfiltration  plant,  has  not 
been  included  in  the  analysis  of  Lake  Huron  Basin  loadings. 

5.4      Lake  Superior  Basin 

The  Thunder  Bay  WPCP  is  the  only  plant  greater  than  4546  m^/day  (1 
MGD)  discharging  into  the  Lake  Superior  drainage  basin.  It  has  shown  an  in- 
creasing trend  in  flow  of  about  6.7  percent  per  year  (Figure  25)  and  exceeded 
design  flow  capacity  by  4  percent  in  1985^  The  flows  to  an  individual  plant 
are  more  sensitive  to  population  changes  and  industry  than  average  flows  from 
a  number  of  plants.  It  should  therefore  be  noted  that  the  validity  of  the 
projected  flows  and  loadings  is  limited  because  these  factors  were  not  con- 
sidered. A  definite  decrease  in  basin  loading  was  observed  in  1983  (Figure 
26)  due  to  implementation  of  phosphous  removal  processes  at  the  Thunder  Bay 
WPCP.  Performance  of  the  phosphorus  removal  system  at  Thunder  Bay  have  pro- 
gressively improved  since  implementation.  In  1985,  effluent  quality  was  bet- 
ter than  1  mg/L  TP  as  shown  in  Figure  27. 

5-5      Suimiary 

There  has  been  a  general  trend  toward  improved  phosphorus  removal 
process  performance  in  all  Great  Lakes  basins  over  the  time  period  from  1981 
to  1985,  with  the  exception  of  the  Lake  Huron  Basin.  In  1985,  the  aggregate 
average  phosphorus  concentration  from  plants  larger  than  4546  m^/d  discharg- 
ing to  Lake  Erie,  Lake  Ontario/St.  Lawrence  River  and  Lake  Superior  was  less 
than  1  mg/L.  The  aggregate  average  concentration  in  the  Lake  Huron  Basin  ex- 
ceeded 1  mg/L  because  four  plants  had  not,  by  the  end  of  1985,  implemented 
phosphorus  removal . 
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FIGURE  25  -  LAKE  SUPERIOR  DRAINAGE  BASIN  -  TOTAL  FLOW  VS.  TIME 
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FIGURE  26  -  LAKE  SUPERIOR  DRAINAGE  BASIN  -  TOTAL  PHOSPHORUS  LOADING  VS.  TIME 
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FIGURE  27  -  LAKE  SUPERIOR  DRAINAGE  BASIN  -  AGGREGATE  AVERAGE  TP 
CONCENTRATION  VS.  TIME 
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Despite  a  linear  increase  in  flow  in  all  receiving  basins  over  the 
time  period  from  1981  to  1985,  the  total  phosphorus  loadings  to  the  Great 
Lakes  decreased  from  1606  tonnes/yr  to  1426  tonnes/yr,  a  decline  of  approxi- 
mately 11  percent.  Plants  in  the  Lake  Ontario/St.  Lawrence  River  Basin 
accomplished  the  largest  reduction  over  this  time  period  (121  tonnes/year). 
However,  it  should  be  noted  that  this  improvement  in  basin  phosphorus  load- 
ings may  not  be  maintained  as  more  plants  near  hydraulic  capacity.  More 
specifically,  in  1985,  a  total  of  16  plants  {16.7  percent)  that  had  exceeded 
their  design  capacity,  contributed  to  20.0  percent  of  the  total  flows  to  all 
basins.  This  is  predicted  to  increase  to  31  plants  (32.3  percent)  contri- 
buting to  38.9  percent  of  the  total  flows  in  1990. 
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6.0      PHOSPHORUS  MANAGEMENT  STRATEGIES 

Four  phosphorus  management  strategies  that  would  decrease  the  total 
phosphorus  loading  to  the  Lake  Erie  and  Lake  Ontario/St.  Lawrence  drainage 
basins  were  considered.  Scenario  0  represented  those  loadings  actually 
experienced  in  1984  and  1985. 

In  Scenario  1,  all  plants  would  comply  with  annual  average  effluent 
phosphorus  concentration  of  1  mg/L  or  less.  If  plants  have  site  specific  re- 
quirement less  than  1  mg/L,  these  would  be  met.  In  Scenario  2,  all  plants 
would  comply  with  a  monthly  average  effluent  phosphorus  requirement  of  1  mg/L 
or  less  for  all  months.  Again,  more  stringent  site  specific  requirements 
would  be  met.  In  Scenario  3,  large  plants  would  comply  with  a  more  stringent 
monthly  effluent  requirement  of  0.9  mg  TP/L  or  less  while  the  remaining 
plants  would  meet  the  1  mg  TP/L  monthly  requirement  or  their  site  specific 
requirement.  For  the  Lake  Erie  Drainage  basin,  "large"  plants  would  include 
those  with  design  capacities  greater  than  100,000  m^/d  (Kitchener  WPCP, 
Greenway  WPCP  and  Westerly  WPCP),  comprising  39  percent  of  the  total  basin 
design  flow  capacity.  For  the  Lake  Ontario  drainage  basin,  plants  with 
greater  than  200,000  rn^/d  design  capacity  (Woodward  Ave.  WPCP,  Highland  Creek 
WPCP,  Humber  WPCP,  Main  WPCP,  Lakeview  WPCP  and  York-Durham  WPCP),  comprising 
68  percent  of  the  total  basin  design  flow  capacity  would  be  considered  as 
large  plants.  In  Scenario  4,  all  plants  would  achieve  monthly  average  efflu- 
ent phosphorus  concentrations  of  0.9  mg/L  for  all  months.  Site  specific  re- 
quirements would  also  be  met. 

The  stated  scenarios  were  evaluated  as  described  in  Section  3.4.1 
with  respect  to  their  effects  on  phosphorus  loadings  to  the  individual  re- 
ceiving basins  (Lake  Erie  and  Lake  Ontario/St.  Lawrence  River).  In  the  eval- 
uation, actual  1984  and  1985  data  were  utilized.  If  a  particular  plant 
already  met  the  requirements  of  the  Scenario  being  evaluated,  its  performance 
was  not  downgraded.  More  specifically,  only  those  modifications  necessary  to 
bring  a  plant  into  compliance  for  the  Scenario  were  made.  The  "base"  loading 
was  defined  as  the  actual  1983  total  basin  phosphorus  loading.  Basin  load- 
ings increased  in  1986  to  1990  in  proportion  to  the  projected  increases  in 
basin  flows  (see  Section  5.0). 
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6.1      Effect  on  Basin  Loadings 

Based  on  the  1984  and  1985  performance  data,  total  phosphorus  load- 
ings from  each  plant  were  calculated  for  each  scenario  using  the  methods  des- 
cribed in  Section  3.4.1.  The  loadings  from  the  individual  plants  are  presen- 
ted in  Tables  B-1  to  B-8,  Appendix  B.  A  summation  of  plant  loadings  and 
flows  for  each  basin  for  each  scenario  allowed  calculation  of  total  basin 
loadings  for  each  management  strategy.  The  basin  loading  reduction  attribut- 
able to  each  scenario  in  each  year  was  calculated  by  taking  the  difference 
between  the  calculated  basin  loading  and  the  "base  load"  (actual  1983  load). 

The  actual,  hypothetical  and  projected  loadings  and  loading  reduc- 
tions for  the  Lake  Erie  Drainage  basin  are  shown  in  Table  33  and  Figure  28. 
Since  most  plants  in  this  basin  have  consistently  performed  well,  as  indica- 
ted by  aggregate  average  phosphorus  concentrations  of  less  than  the  compli- 
ance limit  of  1  mg/L,  only  a  37.7  tonne/year  (18  percent)  loading  reduction 
can  be  achieved  in  the  most  severe  case  (Scenario  4).  As  indicated  in  Figure 
28,  the  "base  load"  to  the  Lake  Erie  Basin  would  be  exceeded  in  1986  if 
Scenario  1  was  implemented  as  a  phosphorus  management  approach  strategy.  The 
most  severe  management  approach  (Scenario  4)  maintains  the  total  phosphorus 
load  to  Lake  Erie  at  levels  below  the  "base  load"  until  almost  1989. 

The  actual,  hypothetical  and  projected  loadings  and  loading  reduc- 
tions for  each  scenario  for  the  Lake  Ontario  drainage  basin  are  shown  in 
Table  34  and  Figure  29.  In  1985,  a  loading  reduction  of  87.6  tonnes  per  year 
would  have  been  realized  if  each  plant  had  complied  with  the  existing  MOE  ef- 
fluent requirements  (Scenario  1).  If  compliance  were  evaluated  using  monthly 
averages  of  1  mg/L  and  each  plant  complied  (Scenario  2),  this  reduction  would 
have  increased  to  134.2  tonnes/year.  Since  there  are  two  large  plants  that 
did  not  comply  in  1985  (Woodward  Ave.  WPCP  and  Humber  WPCP),  bringing  these 
plants  into  compliance  to  a  limit  of  0.9  mg/L  (Scenario  3)  caused  an  even 
more  significant  loading  reduction  to  160.4  tonnes/year.  Scenario  4  caused 
only  a  small  decrease  in  loading  compared  to  Scenario  3. 

As  shown  in  Figure  29,  the  "base  load"  to  the  Lake  Ontario/St. 
Lawrence  River  Basin  would  not  be  exceeded  until  1990  if  all  plants  complied 
with  the  existing  annual  average  discharge  requirement  of  1  mg/L  TP.  Imposi- 
tion of  a  monthly  average  compliance  requirement  (Scenario  2)  extends  this 
time  period  until  1995.  Imposition  of  more  stringent  (0.9  mg/L)  effluent 
concentration  limits,  on  a  selected  (Scenario  3)  or  across-the-board  basis 
(Scenario  4),  extends  the  time  period  to  1998  and  1999,  respectively. 
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6.2      Costs  of  laplementation 

The  costs  of  implementing  each  of  the  phosphorus  management  strate- 
gies described  were  developed  for  each  basin  using  the  methodologies  and  as- 
sumptions outlined  in  Section  3.4.2  and  3.4.3.  These  costs  apply  to  years 
1984  and  1985  as  these  are  the  only  years  for  which  monthly  performance  data 
are  available.  It  is  reiterated  that  these  are  preliminary  cost  estimates 
based  on  simplistic  assumptions  regarding  the  remedial  steps  to  be  taken  at 
each  plant,  and  do  not  include  capital  costs  for  plant  expansions,  sludge 
handling  expansions  or  other  equipment  associated  with  chemical  or  polymer 
addition.  It  should  again  be  noted  that  costs  may  be  biased  since  in  1984 
and  1985,  plants  were  not  attempting  to  achieve  monthly  averages  of  less  than 
1  mg/L.  These  cost  estimates  will  be  reassessed  and  revised  based  on  the 
findings  of  Phases  2  and  3  of  the  program. 

6.2.1    Lake  Erie  Drainage  Basin 

The  costs  of  implementing  each  phosphorus  management  strategy  in 
1984  and  1985  at  each  plant  in  the  Lake  Erie  drainage  basin  are  presented  in 
Table  35.  Total  cost  for  all  plants  in  the  basin  are  also  presented.  Total 
costs  increase  in  proportion  to  the  increase  in  phosphorus  removal  achieved 
by  each  scenario.  However,  annual  costs  range  from  approximately  $20,000  to 
implement  Scenario  1,  which  essentially  involves  bringing  all  plants  into 
compliance  with  the  existing  annual  average  effluent  requirement  of  1  mg/L, 
to  $50,000  to  impose  a  basin-wide  monthly  requirement  of  0.9  mg/L.  Almost 
half  the  costs  associated  with  implementing  Scenario  1  are  incurred  at  one 
primary  plant  (Amherstburg)  where  polymer  addition  would  need  to  be  prac- 
tised. Costs  for  Scenario  2  were  significantly  higher  than  costs  for  Scen- 
ario 1,  since  many  plants  that  were  in  compliance  with  1  mg/L  on  an  annual 
average  basis  had  some  months  in  which  this  limit  was  exceeded.  Estimated 
total  costs  required  for  Scenario  2  for  1984  and  1985  were  $80,000.  Scenario 
3  was  similar  to  Scenario  2  except  that  a  0.9  mg  TP/L  limit  for  large  plants 
(Kitchener  WPCP,  Greenway  WPCP  and  Westerly  WPCP)  was  imposed.  Since  these 
plants  did  perform  fairly  well  in  1984  and  1985,  there  was  a  very  small  in- 
crease in  costs  for  1984  and  1985  to  $83,000.  Scenario  4  imposed  a  0.9  mg/L 
phosphorus  limit  on  all  plants  causing  a  relatively  small  cost  increase  at 
each  plant  compared  to  Scenario  2.  The  cumulative  effect  resulted  in  an 
estimated  total  cost  of  $95,000. 
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Figure  30  compares  the  relative  costs  of  each  phosphorus  management 
strategy  to  the  costs  of  bringing  plants  into  compliance  with  the  existing 
annual  average  1  mg/L  TP  concentration  limit.  It  can  be  noted  that  the  total 
costs  increase  with  the  severity  of  the  phosphorus  requirements,  to  a  maximum 
for  Scenario  4  at  210  percent  of  the  cost  of  Scenario  1  (1984). 

6.2.2     Lake  Ontario/St.  Lawrence  River  Drainage  Basin 

The  individual  plant  and  t^tal  Lake  Ontario/St.  Lawrence  basin 
costs  for  1984  and  1985  for  Scenarios  1  to  4  are  presented  in  Table  36. 
Costs  incurred  by  the  implementation  of  any  strategy  in  the  Lake  Ontario 
Basin  are  significantly  higher  than  costs  for  the  same  management  strategy 
in  the  Lake  Erie  Basin.  There  are  two  major  reasons  for  this  difference.  A 
larger  number  of  plants  in  the  Lake  Ontario  basin  requiring  remediation  use 
the  more  expensive  alum  for  phosphorus  removal,  as  opposed  to  ferrous  chlor- 
ide. In  addition,  the  chemical  addition  at  Woodward  Ave.  WPCP  is  a  large 
component  of  the  cost  in  this  basin. 

The  costs  associated  with  either  Scenario  1  or  Scenario  2  relate  to 
remediation  at  the  Woodward  Ave.  WPCP,  since  this  plant  was  not  adding  chemi- 
cals to  achieve  phosphorus  removal.  Costs  increased  significantly  for  Scen- 
ario 2  compared  to  Scenario  1.  Most  plants  were  required  to  improve  perfor- 
mance for  some  period  of  time  in  Scenario  2  in  order  to  meet  the  monthly 
average  requirement. 

Selective  imposition  of  more  severe  (0.9  mg/L)  effluent  require- 
ments at  large  plants  (Scenario  3)  results  in  a  further  significant  increase 
in  phosphorus  removal  costs.  Of  the  five  plants  affected  (Woodward  Avenue 
WPCP,  Humber  WPCP,  Toronto  Main  WPCP,  Lakeview  WPCP  and  Highland  Creek 
WPCP),  only  Lakeview  typically  met  this  requirement.  Therefore,  the  other 
four  plants  incurred  substantial  costs  to  improve  performance.  As  antici- 
pated, basin-wide  imposition  of  a  monthly  average  0.9  mg/L  TP  limit  resulted 
in  the  highest  cost,  totalling  near  $1  million  over  two  years  (1984  and 
1985), 

Figure  31  presents  a  histogram  of  the  costs  of  each  Scenario  rela- 
tive to  the  costs  of  meeting  the  present  MOE  effluent  requirements  (Scenario 
1).  The  costs  were  significantly  less  in  1985  as  a  result  of  better  perfor- 
mance at  a  number  of  plants.  Costs  increased  with  the  severity  of  the  phos- 
phorus requirement,  to  a  maximum  for  Scenario  4  of  310  percent  of  the  cost  of 
Scenario  1  in  1984. 
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FIGURE  30  -  RELATIVE  COSTS  TO  IMPLEMENT  PHOSPHORUS  MANAGEMENT 
STRATEGIES  IN  THE  LAKE  ERIE  DRAINAGE  BASIN 
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FIGURE  31  -  RELATIVE  COSTS  TO  IMPLEMENT  PHOSPHORUS  MANAGEMENT 
STRATEGIES  IN  THE  LAKE  ONTARIO/ST.  LAWRENCE 
DRAINAGE  BASIN 
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6,3      Summary 

In  the  evaluation  of  the  phosphorus  management  alternatives,  a  num- 
ber of  factors  must  be  considered.  These  include  the  basin  phosphorus  load- 
ing reduction  that  can  be  achieved  compared  to  what  is  desired,  and  the  ease 
of  implementation  and  enforcing  of  any  of  the  strategies. 

The  Ministry  of  the  Environment  proposed  to  reduce  total  phosphorus 
loadings  (compared  to  the  1983  loading)  from  major  municipal  wastewater 
treatment  plants  (4546  nr/6  and  larger)  into  Lake  Erie  by  30  tonnes/yr  and 
into  Lake  Ontario/St.  Lawrence  River  by  50  tonnes/yr.  It  can  be  seen  from 
Figure  28  and  Table  33  that  a  30  tonne/yr  reduction  in  the  Lake  Erie  basin 
would  not  have  been  achieved  in  1985  with  implementation  of  any  of  the  pro- 
posed strategies.  Furthermore,  with  a  linear  increase  in  basin  flows  of  2.5 
percent  per  year,  this  goal  would  become  more  difficult  to  reach.  Since  most 
plants  in  the  Lake  Erie  drainage  basin  met  the  MOE  effluent  requirements  in 
1984  and  1985,  resulting  in  basin-wide  aggregate  average  phosphorus  concen- 
trations of  less  than  0.85  mg/L,  it  can  be  deduced  that  even  more  stringent 
phosphorus  limits  than  those  proposed  would  be  required  to  achieve  the  30 
tonnes/yr  goal . 

In  the  Lake  Ontario  drainage  basin,  a  50  tonne/yr  reduction  in 
total  phosphorus  loading  could  have  been  achieved  in  1984  and  1985  had  all 
the  plants  met  the  present  MOE  effluent  requirements  (Table  33  and  Figure 
26).  Using  a  more  stringent  monthly  average  basis  for  assessing  compliance 
(Scenario  2),  and  assuming  linear  flow  increases,  the  50  tonne/yr  reduction 
could  be  achieved  until  1991.  Application  of  more  stringent  requirements 
(Scenarios  3  and  4)  would  cause  an  even  greater  reduction  in  total  basin 
phosphorus  loading. 

There  was  a  significant  linear  relationship  between  the  phosphorus 
loading  reduction  achieved  and  the  costs  of  achieving  the  reduction  in  both 
basins  as  shown  in  Figure  32  (Lake  Erie)  and  Figure  33  (Lake  Ontario).  It 
should  be  noted  that  plants  were  not  actually  attempting  to  achieve  the 
requirements  of  Scenarios  2,  3  and  4,  and  therefore,  costs  may  be  biased. 
Based  on  these  costs  data,  the  average  cost  of  achieving  further  reductions 
in  phosphorus  loading  in  Lake  Erie  was  approximately  $l,560/tonne  compared  to 
a  cost  of  $2,660/tonne  in  Lake  Ontario.  The  higher  costs  in  the  Lake  Ontario 
drainage  basin  can  be  attributed  to: 
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FIGURE  32  -  ESTIMATED  COSTS  VS.  PHOSPHORUS  LOADING  REDUCTION 
FOR  THE  LAKE  ERIE  DRAINAGE  BASIN 
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i)  A  greater  percentage  of  plants  using  the  more  expensive  alum  in- 
stead of  ferric  or  ferrous  chloride, 
ii)  The  implementation  of  chemical  addition  to  the  Woodward  Ave.  WPCP 
(Hamilton)  and  increased  sludge  handling  (dewatering  and  incinera- 
tion) costs  associated. 

To  summarize,  none  of  the  proposed  phosphorus  management  strategies 
will  generate  the  30  tonnne/yr  phosphorus  loading  reduction  in  the  Lake  Erie 
drainage  basin.  Since,  in  general,  plants  in  the  Lake  Ontario/St.  Lawrence 
drainage  basin  have  not  performed  as  well  as  in  Lake  Erie,  simply  having 
plants  meet  the  present  MOE  compliance  limits  will  reduce  the  basin  loading 
by  greater  than  the  proposed  50  tonnes  per  year. 

The  total  costs  to  reduce  basin  loadings  are  directly  proportional 
to  the  basin  loading  reduction  achieved.  Since  this  is  the  case,  the  selec- 
tion of  the  optimal  management  alternative  will  depend  on  the  desired  phos- 
phorus loading,  the  ease  of  implementation  of  remedial  measures  at  each 
plant,  and  the  difficulties  associated  with  enforcing  a  new  compliance  re- 
quirement. 
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7.0 


SELECTION  OF  PHASE  2  PLANTS 


Based  on  the  summary  tables  in  Section  4  that  present  individual 
plant  performance  and  compliance  histories,  and  the  more  detailed  information 
that  was  obtained  through  plant  contact,  a  number  of  plants  were  recommended 
to  the  Project  Steering  Committee  for  the  Phase  2  field  sampling  program. 
The  purpose  of  the  Phase  2  study  is  to  establish  critical  factors  affecting 
phosphorus  removal.  A  total  of  twelve  plants  were  to  be  selected;  five  which 
have  historically  demonstrated  excellent  phosphorus  removal  performance  and 
seven  which  have  consistently  not  complied  with  MCE  phosphorus  requirements. 
If  the  critical  factors  were  obvious,  and  no  additional  information  was 
necessary,  then  the  plant  was  not  considered  to  be  a  candidate.  For  example, 
at  Woodward  Ave.  WPCP  (Hamilton)  historically  poor  phosphorus  removal  effi- 
ciency is  because  there  has  been  no  chemical  addition  for  phosphorus  re- 
moval. Tables  37  and  38  present  the  plants  considered  as  candidates  for  the 
Phase  2  program.  Also  included  for  each  plant  are  drainage  basin,  plant 
type,  effluent  TP  concentrations  and  compliance  data  for  1984  and  1985,  de- 
sign and  1984/1985  flows,  and  comments  related  to  plant  performance. 

These  plants  were  submitted  to  the  Project  Steering  Committee,  9 
May  1986.  After  some  discussion,  the  twelve  plants  listed  below  were  selec- 
ted for  the  Phase  2  study. 


i) 

Collingwood  WPCP 

ii) 

Esten  Lake  WPCP  (Elliot  Lake) 

iii) 

Fergus  WPCP 

iv) 

Humber  WPCP  (Metro  Toronto) 

V) 

Main  WPCP  (Metro  Toronto) 

vi) 

Midland  WPCP 

vii) 

Moore  (Corunna)  WPCP 

vi  i  i ) 

Port  Dalhousie  WPCP  (St.  Catharines) 

ix) 

Port  Hope  WPCP 

X) 

St.  Thomas  WPCP 

xi) 

Trenton  WPCP 

xi  i ) 

York-Durham  WPCP 
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APPENDIX  B 

HYPOTHETICAL  PLANT  TP  LOADINGS.  FLOWS 

AND  AGREE6ATE  AVERAGE  PHOSPHORUS  CONCENTRATIONS 

FOR  PHOSPHORUS  MANAGEMENT  SCENARIOS  - 

LAKE  ERIE  AND  LAKE  ONTARIO/ST.  LAURENCE  DRAINAGE  BASINS 
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